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FOREWORD 


Tus volume of TRANsAcTIoNS, Petroleum Development and Technology, 
1942, is commended to our members. Since so many excellent papers were submitted 
at our meetings and to PETROLEUM TECHNOLOGY, space and funds necessitated 
a very critical selection. 

During the past year a distinguished member of our Division, Mr. John Suman, 
served as president of the Institute and headed the group that attended our meetings 
at Tulsa, Los Angeles, and New York. Suffice to say that these meetings were among 

» the most successful ever held by our Division and the caliber of the papers 
_© presented was high. 
~ In January 1942, our own Dr. E. L. DeGolyer was given the John Fritz Medal, 


ak 


> awarded jointly by the four Founder Engineering Societies. Dr. DeGolyer received 
ue this high honor for pioneering in geophysical exploration of petroleum deposits. 
iY Never were the responsibilities placed upon the Petroleum Division greater 

than they are in this first year of our nation’s participation in an actual ‘‘ World 

War”—an all-out war—the outcome of which will decide whether democracy 
- and free men may continue to exist. The successful prosecution of the science of 
war is dependent upon petroleum and its products—this war, and the peace that 
“- must inevitably follow, may largely be won by the Industry of which we are a part. 

The aim and ambition of this Division, its officers and committees, have been 
Ato serve the members so that they may profit most from its functions—that aim 
and ambition for all must now be transcended into the winning of the war. With 
the calling of many of our members into government service, the duties of the 
remaining individuals are being multiplied. Harder work and less free time lie ahead. 
Scientific research and technical progress must not falter; to this end our local, 
sectional and national meetings must continue as agencies toward the dissemination 
of knowledge. The efficient operation of the Petroleum Industry, so essential to 
the war effort, is primarily in the hands of the members of our Division. We should 
be proud in the knowledge that all of our members, regardless of their battle 
stations in the armed services or within industry, are all-out for Victory. 

Technical meetings are to be held at Austin, Texas, Oct. 29-31, inclusive, and 
at Los Angeles, Oct. 15 and 16. Preparations are well under way and exceptional 
programs are assured. 

Appreciation is expressed of the splendid cooperation of all members of the 
Institute—the personnel of New York headquarters, committee chairmen, vice- 
chairmen, authors and members of the Division. Their continued interest and 
active participation augurs well for the future affairs of the A.I.M.E. 
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Harry P. Stor, Chairman, 
Petroleum Division, 1942. 
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Chapter I. Production Engineering 


Sampling Gas-condensate Wells 


By J. M. Fratrz,* anp A. S. Parxs,} MemBers A.I.M.E. 


(Dallas Meeting, October 1941) 


Or the various methods of sampling gas- 
condensate wells, a method that secures a 
continuous representative sample of the well 
stream is desirable. Such a method, consisting 
of a sampling tube introduced into the well 
tubing, has proved satisfactory. The method 
is sufficiently accurate for operating and 
engineering problems. A _ portable testing 
apparatus can be used with the sampling tube 
to obtain data useful in studying the economic 
and technical aspects of the development and 
operation of gas-condensate properties. 


INTRODUCTION 


The recent discovery and development 
of gas reserves that contain hydrocarbons 
that condense with reduction of tempera- 
ture or pressure, or both, to form a product 
known as condensate, has brought many 
new problems to the oil and gas industries. 
With further discovery of deep, high- 
pressure fields it is presumable that many 
more gas fields of this type will be added 
to the steadily increasing number. Such 
gas reserves are found either associated 
with oil as a gas cap or in separate forma- 
tions. There seems to be no positive 
correlation between the physical or geo- 
logical nature of the reservoir, and the 
chemical composition or phase character- 
istics of its contents. 

Knowledge of the chemical make-up and 
_ phase behavior of gas-condensate reserves 
is needed to cope with many problems. A 
knowledge of the chemical composition and 
phase characteristics of the reservoir 
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material is necessary to properly design a 
gasoline or recycling plant, to estimate 
natural gas and condensate reserves, to 
enable the operator to study the economic 
and technical aspects of various methods 
of operation and development, and to carry 
out the plan of operating subsurface and 
surface lease equipment. This information 
is often useful in questions of mineral 
ownership, proration, legal position, and 
taxation. 

It is the purpose of this paper to discuss 
methods used by the writers to determine 
the chemical composition and phase char- 
acteristics of the fluids produced from a 
condensate well. The scope of the paper 
includes a discussion and description of the 
method of sampling, the results of tests 
on the accuracy of the sampling method, a 
description of a portable testing apparatus 
used’ to examine the phase characteristics, 
typical results of tests on wells from several 
condensate fields, and some of the applica- 
tions of these data to production problems. 

References to previous work on this 
subject are cited at the end of the paper. 


THE PROBLEM 


At reservoir conditions of temperature 
and pressure, the fluids produced from a 
condensate well exist in a homogeneous 
vaporous condition. The consequent reduc- 
tion of temperature and pressure that 
occurs as this gas enters and flows up the 
well tube results in condensation of some 
of the hydrocarbon material to form a 
liquid. The relative amount of liquid con- 
densed at any point in the flowing system 
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is a function of the pressure and tempera- 
ture at that point. 

In order to obtain an analysis of the 
reservoir material and determine its physi- 
cal behavior at various temperatures and 
pressures, a representative sample must be 
obtained. Such a sample can be obtained, 
by means of a subsurface sampling device, 
at the bottom of the well, before any 
substantial reduction of temperature and 
pressure has occurred. If a sample is 
obtained elsewhere it must be taken so as 
to obtain aliquot parts of liquid and gas. 

Of the many disadvantages to sub- 
surface sampling of condensate wells one 
of the most significant is that in using 
ordinary sampling devices the size of the 
sample is insufficient to allow accurate 
determinations, with normal equipment, of 
the heavier hydrocarbon components. 
Therefore some other method of obtaining 
a sample of the well fluids is desirable, and 
it will be necessary that any such method 
procure proportionate parts of the liquid 
and gas phases. 

Any ordinary oil and gas separator will 
serve as a sampling device. The entire 
stream of well fluids is passed through the 
separator where the liquid and gas phases 
are separated. By measuring the amount of 
each phase as a function of time and 
providing for the procurement of samples 
of each phase by conventional displacement 
methods, a representative sample of the 
well fluid can be synthesized. Fractional 
analysis of each phase can be made and an 
analysis of the reservoir material deter- 
mined by combining these two analyses on 
a molar basis. To determine phase char- 
acteristics of the reservoir material the 
samples of liquid and gas can be recombined 
in proper proportions and treated in 
laboratory apparatus. This procedure in- 
volves elaborate equipment and has the 
further disadvantage that the size of 
sample that can be handled is so small that 
it is difficult to obtain accurate results. If 
means are provided at the well separator to 


maintain various separator temperatures 
and pressures, the phase relations of the 
reservoir material can be determined at 
the separator. To control the temperature 
and pressure of a separator in the field 
involves heavy equipment that is costly to 
install, operate and transport. Furthermore, 
separators are not always available, as in 
initially completed wells and wells pro-. 
ducing to recycling plants. The apparent 
solution to the problem is to provide some 
means of securing representative samples of 
the reservoir material in some form of 
continuous process that will obtain only a 
small fraction of the total fluids flowing 
from the well, and thus allow treatment ina 
small portable testing apparatus. 


SAMPLING THE WELL STREAM 


The highest pressure and temperature 
available as a sampling point is at the well- 
head before the gas is subject to atmos- 
pheric cooling or throttling action. The 
least amount of liquid phase is present, 
therefore this is the ideal point at which to 
sample the well stream and obtain aliquot 
parts of liquid and gas. To take a sample 
at this point, a lubricator is installed in the 
top of the Christmas tree. As is shown in 
Fig. 1, the lubricator contains a piston 
which carries a tube. A streamlined tip is 
mounted on the lower end of the tube. 
Casing pressure and pump pressure are 
applied to the upper side of the piston, 
hydraulically forcing the piston to the 
bottom of the lubricator and therefore 
the sampling tube down into the Christmas 
tree, so that the streamlined tip is at a point 
in the well tubing where a sample may be 
taken from an undisturbed portion of the 
fluid flow. Pump pressure is provided by a 
small hand pump and conveyed to the top 
of the lubricator with standard drawn 
copper tubing. Fig. 2 shows the installation 
of the lubricator on a well being tested. 
After the lubricator is installed on the 
Christmas tree, the sample tube can be 
inserted within 5 min. and the operation is 
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under control at all times. This method of 
sampling deserves some theoretical con- 
sideration. As the accuracy of the entire 
procedure is subject to the accuracy of 


ratio of the cross-sectional area of B is to 
the cross-sectional area of A. Identical 
velocities are maintained during the 
sampling period. 


Fic. 2.—APPARATUS IN PLACE FOR TESTING. 


sampling, this theory is the fundamental 
basis of the entire testing procedure. 

Fig. 3 is an illustration of the sampling 
tip in the well tubing. The turbulent flow 
of gas is against the sampling tip. This gas 
contains a mist of liquid particles. Some 
liquid undoubtedly flows along the wet 
tubing wall but any appreciable amount, as 
it collects, is blown back into the turbulent 
stream by the velocity of gas in the tubing. 

Knowing the cross-sectional area of the 
sampling tip B, the cross-sectional area 
of the well tubing A, and the total rate of 
fluid flow up the well tubing, the velocity 
at the point 6 can be made approximately 
equal to the velocity at the point a by 
controlling the rate of sampling. As the 
pressure and temperature at a and b are 
equal, identical velocities will be obtained 
at these points if the sampling rate is 
proportioned to the total fluid rate asthe 


A liquid particle approaching a is not 
disturbed from its path in motion by the 
presence of the sampling tip. Thus, if the 
liquid particles are uniformly distributed 
across the area of the well tubing a repre- 
sentative sample containing aliquot por- 
tions of liquid and gas will be obtained. 


Experiments have shown that if the velocity ° 


at a is greater than the velocity at }, an 
aliquot proportion of gas is not obtained. 
Also, if the velocity at a is less than the 
velocity at 6, an aliquot proportion of 
liquid is not obtained. This can be explained 
by the fact that the liquid particles are 
slightly heavier than the gas and thus a 
greater velocity at 6 draws in more of the 
gas than liquid. 

Two sets of test data are plotted in Fig. 
8C, the only variable in each curve being 
the sampling rate, and the only variable 
between the two curves being the rate at 
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which the well was produced. The ideal 
sampling rate is when ¢ is equal to unity. 
Theoretically the curves should cross when 
¢ is equal to unity and the discrepancy 
shown in these curves represents an incon- 
sistency in the sampling method. In this 
case the variation in results is about 1.5 
per cent. 

Fig. 8D shows the effect of two different 
sizes of sampling tip on the separator 
recovery. Again, the curves should cross 
when ¢ is equal to unity and the dis- 
crepancy shown in these curves represents 
an inconsistency in the sampling method. 
The variation in these results is about 
3-1 per cent. 

To sample or test a well it is necessary 
to have stabilized conditions of flow 
throughout the flowing system. The rate of 
flow must be great enough to keep all of the 
liquid particles moving upward uniformly 
in the tubing. There is no exact rule 
governing the rate above which flow must 
be maintained to keep all of the liquid 
particles moving upward uniformly in the 
tubing, but in general it may be stated 
that the higher the rate of flow, the more 
homogeneous the stream becomes. Also, 
wells that produce fluids rich in con- 
densable material must be flowed at higher 
rates than wells producing fluids lean in 
condensable material. High-pressure wells 
must be flowed at rates greater than low- 
pressure wells. As a practical rule of thumb, 
the writers have found that stabilized flow 
can be maintained if linear velocities in the 
tubing are of the order of at least 15 to 
20 ft. per sec. For testing purposes, the 
wells are generally produced at as high a 
rate of flow as is reasonable. High rates 
of flow tend to flatten the velocity-distribu- 

‘tion curve shown in Fig. 3, and thus no 
appreciable error results from assuming 
this curve to be a horizontal straight line, as 
was done in the preceding discussion. 


Tests on AccurAcy OF METHOD 


_ To test the accuracy of the method, 
formations were chosen that varied in their 


content of liquid heavier than pentanes 
from about 600 gal. per million cubic feet 
to over 3000 gal. per million cubic feet. All 
of these producing formations were tested 


Standard 2” Tubing 


Replaceable Tip 


General velocity distribution 
under average conditions of 
turbulent flow. 


A diagram of the equipment is shown in 
Fig. 1. It consisted essentially of two parts, 
equipment for taking a complete set of 
observations and samples from a 30-in. by 
11-ft. separator, and equipment to take 
observations and samples simultaneously 
from the portable testing apparatus, which 
was fed from the sampling tube in the well 
tubing. All equipment had a working 
pressure greater than 3000 lb. per sq. inch. 
The portable testing apparatus was main- 
tained at the same temperature and pressure 
as the large separator, and observations and 
samples were taken at both. 

Tables 1 and 2 summarize the results of 
these tests. The various tests are indicated 
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TABLE 1.—Comparison in Results of Tests with Standard Separator and Portable Separator 


Separator Rate of Separator A.S.T.M. Charcoal Differ- 
Conditions Condensate Yield, Tests of Separator i Bee Ss 
Loe a ee ee BE, ee ison Differ- Gas, Bbl. per Mil- Differ- C 
Test Cu. Ft. Gas ence, lion Cu. Ft. Gas ence, wre 
No. | Pressure, Temper- Per Cent Per Cent posite 
Kb Fer | ature Tee ae ae 
q. in. 7 a b a b er 
Gauge Deg. F. I 2 I 2 
A 1,505 103 7.8 8.3 +6.4 I1.O1 10.33 —6.2 +1.9 
B I,IQI 93 1Y.3 Tr.5 4+1.8 8.49 8.98 +5.8 —1.8 
Cc 802 81 13.6 3-0 0.0 7.19 7.79 +8.3 +0.50 
D 595 64 14.8 14.6 —1I.4 6.15 Gits5 0.0 +0.47 
E I,500 98 I5.1 14.3 —5.3 12.21 12.95 +6.1 —2.8 
F 1,200 89 18.0 17.4 —3:3 9.09 9.08. | —0O.II —2.4 
G 900 76 pi 20.1 —-4.7 7.78 7.95 +2.2 U 
H 600 64 21.5 20.8 —3.3 6.43 6.58 +2.3 5 
I I,495 85 108.3 07.1 —I10 10.02 10.66 +6.4 +2.5 
J I,200 17 106.6 97/0 —8.9 8.20 8.58 +3.5 e 
K 900 69 97.2 92.5 —4.8 5.81 5.68 —2.2 —4.5 
L 600 57 93-7 84.4 —9.9 4.49 4-49 0.00 —5.2 


2 Standard separator. % Portable testing apparatus. * Samples lost. 


TABLE 2.—Comparison in Calculated Reservoir Analyses 
Mot Per Cent? 


COOOOHShH 
COOOCOHSH 


COO OOHpH 
COCO OCOHSH 


D E F 
I 2 I 2 I 2 

Gal. Gal. 

er M er M 

u. Ft. Oe a 
Covaera eteavee tires 91.20 Q1.14 0. Oo. 0. 0. 
a icc ater era 4.52 4.53 4. 4. 4. 4. 
as aghisis was pate 1.64 1.74 oe I. a z. 
DO deck era tbe ists aaitae 0.59} 0.191] 0.61 oO. oO. oO. 0. 0.221 
IN Cieots sate iG 0.49} 0.154] 0.40 oO. oO. Cy oO. 0.163 
Ba ictsie Suet ares: teas 0.55} 0.19090] 0.52 O. oO. oO. oO. 0.275 
Ch Gcaiweees 0.37} 0.150] 0.41 oO. Oo. oO. 0. 0.191 
Cr+... 0.64] 0.372} 0.63 ‘Or oO. oO. oO. 0.414 


Nesareneshiira. ait . 264 
L 
I 2 
Gal. Gal. 
er M er M 
u. Ft. u. Ft 
i KR fly 4. 84.15 84.67 
; 4. 4. 4. 4-57 4.55 
: : 3. es Pp 3.19 A 3.02 
: ‘ . 4 z. 1.49] 0.483] 1.49] 0.48 
1.46] 0.457] I. De i: IezFO| O..373)° Lad Osada 
1.36] 0.492] 1. x ne 1.43] 0.517] 1.35] 0.488 
1.27) 0.6535) Tc 01, oO. 0.96] 0.390] 0.96] 0.390 
e dumuatitale oto 252) tnd SO} nae 2. 2. 3-09] 1.758] 2.87] 1.635 


BiGETRoL8 ak) le . - 328/100. - 362/100. 3.521|/100.00 3.338 


@ Alphabetical letters correspond to test numbers shown in Table r. 
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by alphabetical letters. The results ob- 
tained from the standard separator are 
shown in column 1 and the results obtained 
with the portable testing apparatus in 


column is the percentage deviation of the 
content of hydrocarbons heavier than 
propane as computed from the composite 
analysis in Table 2. All gas volumes are 


Fic. 4.— ESSENTIAL PARTS OF APPARATUS. 


column 2. The accuracy of the sampling 
method is demonstrated by comparing 
columns 1 and 2. 

Table 1 shows a comparison between the 
two methods in the ratios of separator 
liquid condensate to volume of gas, and 
the percentage deviation of the results 
obtained with the standard separator to 
that of the portable testing apparatus. A 
comparison is also shown of the gasoline 
content of the separator gas as determined 
by A.S.T.M. charcoal tests. The last 


computed at 60°F. and 14.65 lb. per sq. in. 
absolute. 

Table 1 shows that deviations as great 
as Io per cent occur in some of the tests of 
condensate yield, but these deviations are 
considerably reduced on the basis of the 
composite analyses. The writers believed 
this to be due partly to the small size 
of the separator in the portable testing 
apparatus when handling large amounts of 
liquid, therefore it was increased in size 
as a result of these tests. The deviation 
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between the two methods increases with 
gas rich in condensable components, 
because a larger percentage of liquid is 
present at the sampling point and this 


Fic. 5.—ESSENTIAL PARTS OF APPARATUS. 


decreases the accuracy of sampling. The 
probable variation in sampling the well 
stream to determine the content of hydro- 
carbons heavier than propane was cal- 
culated from tests to be approximately 
I per cent. Since these comparative data 
were taken, a recycling plant has been built 
and has been operating for 18 months in the 
field in which the data were taken. Periodic 
tests have been made with the sampling 


tube and portable testing apparatus, to 
determine for each well the content of 
hydrocarbons that would be recovered 
by the conventional absorption process 
at the recycling plant. Knowing the 
volumes of gas produced from each well 
and the content from these tests, a theo- 
retical plant yield was calculated. Over a 
period of 18 months operation, this theo- 
retical plant yield has had a maximum 
deviation of about 7 per cent, and an 
average deviation of less than 1 per cent 
from the actual plant yield. These oper- 
ating data are the best proof of the accuracy 
of the sampling device. 


PORTABLE TESTING APPARATUS 


The portable testing apparatus is 
mounted in a trailer (Fig. 2). Two views 
of the essential parts of the apparatus are 
shown in Figs. 4 and 5. The equipment 
consists of a small separator machined 
from solid steel stock. Mounted on the 
bottom of the separator is a calibrated 
liquid accumulator. Heat exchangers are 
provided, so that the fluid may be brought 
to the desired temperature before entering 
the separator. Cooling is done by ex- 
changing a diverted part of the fluid stream 
through an exchanger that uses throttled 
gas from the well casing as a cooling 
medium. The cooled, diverted stream is 
recombined and allowed to become thor- 
oughly mixed before it enters the separator 
and the amount of diverted gas is auto- 
matically controlled to maintain a constant 
separator temperature during a test. Heat- 
ing is done in a similar manner, using hot 
circulated glycerin as a heating medium. 

After being reduced to approximately 
atmospheric pressure by a back-pressure 
regulator, the volume of separator gas is 
measured by a.positive-displacement type 
of gas meter. 

Heat is supplied to all control valves and 
lines subject to freezing from the formation 
of gas hydrates. The sizes of all lines and 
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connections are kept at a minimum to 
prevent slugging of any liquid condensed 
before entering the separator. 

Mounted in the trailer is a hand pump, 


Means are provided to secure samples of 
separator gas and liquid for analyses or 
further tests, and to conduct stage- 
separation tests. 
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Fic. 7.—RETROGRADE CONDENSATION AT RESERVOIR TEMPERATURE. SIX TYPICAL GULF 
COAST FIELDS. SEPARATOR CONDENSATE YIELD AT 1200 LB. PER SQ. IN. AND 70°F, EQUALS 100 


PER CENT. 


which is used to force into the well tubing 
the piston carrying the sample tube. A 
small compressor is provided so that the 
fluid entering the apparatus may be 
increased to as great as 10,000 lb. per 
sq. in. before it enters the heat exchangers 
and separator, 


After the sample tube has been lowered 
in the well tubing, the rate of fluid flow 
through the apparatus is adjusted to the 
proper rate. The test data are then ob- 
tained, and it is not necessary to remove 
the sampling tube or leave the trailer 
between tests, © 
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TyPICcCAL RESULTS AND APPLICATIONS 


Typical data obtained with the portable 
testing apparatus in fields in the Gulf 
Coast area are plotted in Figs. 6, 7 and 8. 

The data shown in Fig. 6 are useful in 
studying the optimum operating conditions 
of surface lease equipment. These data, 
together with those in Figs. 8A and 8B, can 
be used to study the economics of stage 
separation. When samples of the gas and 
liquid phases are taken from the portable 
testing apparatus and analyzed by frac- 
tionation; the two analyses can be recom- 
bined to yield an analysis of the reservoir 
material from which the reserve of con- 
densate in place can be ascertained. The 
molar ratio by which the analyses are 
combined is obtained from such data as are 
plotted in Fig. 6. 

Where gas produced from a field is 
treated in a gasoline plant, it is economical 
and efficient to do away with separators 
and tanks on individual leases and thus 
eliminate the loss in flashing and weather- 
ing the condensate in tank batteries 
throughout the field. The problem of 
allocation of royalties between leases arises 
with the elimination of individual con- 
densate measurement on each lease. 
Periodic tests can be made with the porta- 
ble apparatus to determine the content of 
condensate in the gas, and the amount to 
be allocated to each lease is calculated from 
these data. In one South Texas field, the 
condensate recovered by a recycling plant 
is allocated on the basis of such tests 
between leases and between producing 
formations. 

In studying the economics of recycling 
operations or in estimating recoverable 
condensate reserves, the data plotted in 
Fig. 7 are used to predict the loss of con- 
densate in the reservoir resulting from 
pressure reduction. For convenience here, 
percentage loss is plotted for the abscissa 
instead of the volume ratio of condensate 
to gas. The plots are differential functions, 


hence the value of the abscissa at any pres- 
sure is an instantaneous value. To obtain 
the volume of condensate loss in a reservoir, 
it is necessary to integrate such curves 
between pressure limits. Since volumetric 
reservoir data are usually available, the 
pressure decline as a function of cumulative 
withdrawal can be estimated and used 
together with such a curve to estimate loss 
in the reservoir resulting from pressure 


decline. The reservoir ‘“‘dew point” is. 


shown at the point where the curves 
intersect the ordinate. 


CONCLUSIONS 


The sampling-tube method of sampling 
gas-condensate wells, when properly em- 
ployed, will obtain a representative sample 
of the well fluid consisting of aliquot parts 
of liquid and gas. The method is sufficiently 
accurate for all practical and engineering 
purposes. 

A method is now being developed to 
obtain a representative sample of a fluid 
existing in two phases while flowing 
through a horizontal pipe. Sufficient data 
are not yet available to warrant a detailed 
discussion, but it can be said that experi- 
ments thus far conducted indicate results 
similar to those obtained with the vertical 
sampling tube. 
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DISCUSSION 
(T. V. Moore presiding) 
D. L. Karz,* Ann Arbor, Mich.—Flaitz and 
Parks present excellent data on the comparison 
* Assistant Professor, Department of Chem- 
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of well effluents sampled by conventional 
separators on the entire well stream with 
effluents sampled by taking a portion of the 
flowing stream. The conclusions of their tests 
appear to be that the new method has a good 
chance of giving the analyses for the well 
effluent within the accuracy of conventional 
methods but may err as much as to per cent on 
occasion. For general engineering work, the 
proposed method has many advantages but 
does not supplant the conventional field 
separators on the entire well stream as the 
most reliable procedure. 

The problem resolves itself down to the 
liquid-phase distribution in the flowing gas 

_ stream at the sampling point. If the two-phase 
system approaches a uniform dispersion of 
liquid in vapor, the sampling tube may remove 
an aliquot portion of vapor and liquid phases. 
As mentioned in the paper, the degree of 
mixing of the two phases depends upon the 
turbulence or velocity of flow. 

An added refinement to the proposed method 
may be the calculation of the Reynolds number 
or other criteria to evaluate the degree of 
turbulence for the flowing stream just ahead 
of the sampling tube. Possibly the percentage 
error between the conventional and proposed 

methods would be related to this degree of 
turbulence and the percentage of liquid phase 
present. If increasing the velocity assists in 
mixing the two phases, would it be worth while 
to consider placing a joint of extra heavy 
tubing at the top of the string in condensate 
wells to give a smaller cross section of flow for 
sampling operations? 

T believe the literature on the flow of hetero- 

-geneous phases would be fundamental to any 
further study of the problem. 


J. S. Swearincen,* Austin, Texas.—In 
sampling by inserting a tube into a gas stream 
containing a suspended liquid phase, the ques- 
tion always arises as to how much of the liquid 
is suspended, and therefore accessible to the 

‘sampling tip, and how much is moving along 
on the wall of the pipe, and therefore not 
included in the gas sample. 

The sampling method described relies on the 

ack of turbulence within the straight path 
up the tubing and on absence of turns as 


* Professor of Chemical Engineering, University of 
Texas. 


assurance that little of the suspended liquid 
will be thrown out and deposited on the walls, 
and thus evade sampling. 

The authors presented the data in Table 1 
exactly as it was recorded, but they regard as 
inaccurate the percentage difference between 
test separator and standard separator yields 
in tests I, J, and L for the case of very rich 
wells, because of errors in gas measurement, 
and they consider a value of minus 5.0 to be 
more consistent with many data that have been 
recorded but not reported because of limited 
space. Accordingly, this consistent value of 
minus 5 per cent represents the results obtain- 
able for a rich well, the portable apparatus 
giving results that are 5 per cent low. 

At the point at which the sample was taken 
about 50 per cent of the recoverable product 
was still in the gas phase. An error of 5 per 
cent in quantity of liquid recovered owing to 
an error in sampling would, therefore, be 
caused by an error of approximately to per 
cent in sampling the liquid phase, since only 
half the recovered liquid was in the liquid phase 
at that point. That is to say, under the condi- 
tions at which the results were recorded only 
go per cent of the aliquot part of the liquid 
phase was collected by the sampler. 

But the conditions of sampling were these: 
The sampling tip was placed near the center 
of the stream, where the velocity of the stream 
was greater than the average velocity, whereas 
the sampling rate, or flow into the sampling 
tip, was at the average stream velocity. This 
maximum velocity, shown qualitatively in the 
lower part of Fig. 3, is about 14 per cent greater 
than the average velocity. According to the 
curves in Figs. 8C and 8D, this erroneous 
sampling would cause the sample to be 2.5 per 
cent too rich because too much of the liquid 
phase was collected; and if only half the recov- 
erable liquid was in the liquid phase at the 
point of sampling, the indication would be that 
the sample was 5 per cent too rich in the liquid 
phase that was present. The inference is that 
sampling at the proper rate would collect about 
85 per cent of the aliquot part of the liquid 
phase. 

Hence, by sampling inside the tubing where 
little turbulence has been encountered to 
remove the liquid from its suspended state 
in the gas, and where pressure and temperature 
are at a maximum, the error in the sampling 
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method appears to be only a few per cent in 
very rich wells and still smaller in wells that 
are not so rich. By sampling at the average 
rate of flow, which is somewhat slower than 
the prevailing velocity at the point of sampling, 
some additional liquid is collected, and this, 
according to the data, brings the results for 
the portable apparatus practically into agree- 
ment with results from the standard separator. 


A. L. Virrer, Jr.,* Baton Rouge, La.— 
Although the sampling-tube method has been 
used extensively, there has not been much, if 
any, published material of a quantitative 
nature to establish its reliability. As pointed 
out by the authors, some small errors are 
incurred in this method, but not sufficient to 
prohibit its use for general engineering and 
routine test work, for which it is particularly 
used and adapted. 

Fig. 7, which is obtained experimentally by 
the equipment described at one point in the 
life of the reservoir, is not applicable, without 
modification, to calculate the condensate loss 
in the reservoir at any particular time in the 
life of the reservoir, as is stated near the end 
of the paper. This cannot be done because the 
macroscopic condensation characteristic of the 
reservoir fluid, as shown in Fig. 7, applies only 
to the reservoir fluid at that time. As the 
reservoir pressure declines, liquid condenses 
out and the gas phase is produced from the well 
bores; and this gas phase is a system different 
from the virgin system or the gas phase of the 
reservoir fluid at any previous moment in 
the life of the reservoir. Therefore it will have 
different condensation characteristics. 


K. Ererts,+ Bartlesville, Okla——The au- 
thors mention a small compressor for increasing 
the pressure on the fluid entering the heat 
exchangers and separator to as much as 
10,000 lb. per sq. in. What type of pump was 
used, and how was it operated to obtain the 
desired separator pressures? 


J. M. Frarrz (author’s reply).—Mr. Parks 
and I agree with Dr. Katz’s comments and his 
suggestion as to more fundamental research 
in this method of sampling. 

Dr. Swearingen has given a good analysis of 
compensating errors in the velocity sampling 


* Senior Petroleum Engineer, 
Minerals, State of Louisiana. 
} Physical Chemist, U. S. Bureau of Mines. 
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method. The two sources of errors in this 
method are the lack of even distribution of 
liquid particles and the velocity of sampling. 
Distribution of liquid particles is directly 
affected by the quantity of liquid carried along 
the conductor wall, and must be related to 
velocity and turbulence. In a nonwetting 
mixture, such as dust-laden gases investigated 
by Brady and Touzalin,® the problem of 
uneven particle distribution was not encount- 
ered and these investigators showed that a 
representative sample of gas and dust particles 
twas obtained when the velocity of sampling 
was identical with the velocity of fluid flow 
at the sampling point. 

Mr. Vitter’s comment regarding the data 
plotted in Fig. 7 is technically correct. How- 


TABLE 3.—Comparison of Flash and 
Differential Condensation 


Calculated Reservoir Condensation at 211°F. 
Barrels of Condensate per Million Cubic Feet of 
Reservoir Gas 


Flash Condensate 


Differen- 
ayeceurrs tial Con- 
Sq. In.” densate 
tou A B Cc D 
4,587 ° re) °o to) 
4,250 3 2.02 
4,000 2.7 0.82 3.5 3.66 
3,500 7.6 2.9 6.5 6.95 
3,000 7233 ER 9.8 9.35 
2,500 17.0 > 12.7 II.24 
2,000 21.0 9.6 13.6 Id .g7 
1,500 24.0 ri.5 15.6 12.89 
1,000 24.8 tera 16.1 r2s7 
500 hey 14.8 Rew 11.87 
° 15.6 15.6 11.05 


ever, the method described for determining the 
loss in a reservoir of condensate by retrograde 
condensation resulting from reduction in 
reservoir pressure is sufliciently accurate for 
engineering calculations, and is the best 
approach to the problem. 

Condensation can occur in the reservoir by | 
two methods—flash condensation and differ- 
ential condensation. In flash condensation the 
liquid phase condensed is always in contact 
with the vapor phase, whereas in differential 
condensation the vapor phase is removed and 
separated from the liquid phase as the gas 
phase is produced. A comparison between 
these two phenomena on reservoir samples — 
from a gas-condensate field are shown in Table 3. 


5 Brady and Touzalin: Jnl. Ind. and Eng. Chem. 
(Sept. rorr). 
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Flash condensate was determined and calcu- 
lated in the following manner. A sample was 
taken as described in the paper and passed 
through the test separator, which was main- 
tained at reservoir temperature. The amount 
of condensate recovery per unit volume of gas 
was determined at various pressures (column A, 
Table 3). These data were plotted and the 
curve integrated to give the data in column B. 
The loss that would occur in the reservoir is 
shown in column C; it was determined from 
columns A and B as illustrated by the follow- 
ing example for the loss at 3500 lb. per sq. in.; 
23.6 per cent would be produced with a loss of 
2.9 bbl. per MM cu. ft. and 76.4 per cent 
would remain in the reservoir with a loss of 
7.6 bbl. per MM cu. ft., giving an average loss 
of 6.5 bbl. per MM cu. feet. 

Differential condensate shown in column D 
was determined in the laboratory on a synthetic 
reservoir sample. The bomb’ was maintained at 


1 Described by W. F. Fulton: Amer. Petr. Inst. 
Drill. and Prod. Practice (1939) 354. 
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reservoir temperature and gas was slowly 
withdrawn from the top of the bomb. The 
contents of the bomb were agitated. Gas was 
withdrawn in increments to give the pressures 
shown in the table, and for each increment the 
amount of condensate was measured. 

The writer believes that in actual practice 
a combination of flash and differential con- 
densation occurs, so that the actual reservoir 
loss would be between the limits shown in 
columns C and D. The chemical composition 
of any barrel of condensate is not considered 
by these methods. 


A. S. Parxs (author’s reply).—Answering 
Mr. Eilerts’ question: The pump is a small 
packed plunger, single-acting type, driven by 
a 3-hp. gasoline engine. The piston has a 3¢-in. 
diameter and a 2-in. stroke. In operation, the 
pump runs at a constant rate and the discharge 
pressure is controlled by throttling the com- 
pressor suction. 


Possibilities of Secondary Recovery for the 
Oklahoma City Wilcox Sand 


By Donatp L. Kartz,* Mremper A.I.M.E. 


(Dallas Meeting, October 1941) 


Tue Oklahoma City Wilcox sand, discovered 
on March 26, 1930, has produced 394 million 
barrels of crude oil and 819 billion cubic feet 
of natural gas as of July 1, 1941. The 100,000- 
bbl. wells, pressures of 2600 lb. per sq. in., and 
flows of ‘‘Wilcox’” sand caused exciting 
moments in the early life of the field. Today 
the reservoir is substantially at atmospheric 
pressure and produces 75,000 bbl. of crude oil 
daily through 466 pumping wells. Early esti- 
mates of the initial crude-oil content of the 
“Wilcox” sand! indicated that about 600 
million barrels of crude oil would remain after 
the pumping wells ceased to produce economi- 
cally. The Oklahoma City Wilcox Secondary 
Recovery Association was organized in March 
1939, to study the possibilities of recovering a 
portion of this oil. 

Only a very brief summary of the information 
available can be presented in a paper of this 
nature. Some simplifications and generalizations 
are necessary to give the over-all picture in so 
short a space and statements made may not 
apply to a specific well or small area. Since the 
area under consideration by the Association is 
that north of the south line of section 22-11-3, 
some information will be presented for areas 
A, B, C, 1, 2, 3 and part of 4 of Fig. 2, and some 
will be for the entire Wilcox zone west of the 
fault. 

This paper is essentially an abstract of an 
engineering report made by A. D. Small, B. T. 
Murphree, M. C. Sons and the author for the 
Oklahoma City Wilcox Secondary Recovery 
Association on Sept. 5, 1940. Some information 


Manuscript received at the office of the Institute 
Sept. 5, 1941. Issued as T.P. 1400 in PETROLEUM 
TECHNOLOGY, November 1941. 

* Department of Chemical Engineering, University 
of Michigan, Ann Arbor, Mich. 

1 References are at the end of the paper. 
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is taken from a report to the Association by 
C. V. Sidwell on March 1, 1940, and some data 
are from a recent report by A. D. Small. It 
gives a brief history of the Wilcox zone, esti- 
mates of the initial oil contents of the reservoir, 
present conditions in the reservoir, and prob- 
able results from several programs of ‘‘second- 
ary recovery.” 


History OF WILCOx ZONE 


The Wilcox sand lies on the flank of the - 
general structure, as shown by cross section 
of Fig. 124.4 and areal map of Fig. 2. The 
sand is of Ordovician age and is composed 
of well assorted, rounded sand grains with 
no apparent cementing material. The loose 
texture of the sand is shown by the enor- 
mous quantities of sand production from 
the wells and from the soft cores. The 
productive sand varies from zero thickness 
on the east to 220 ft. maximum and to 
zero thickness on the west because of water. 

The development of the pool‘ was 
dependent upon drilling restrictions within 
the city limits, which accounts for the 
spacing of drilling operations listed in 
Table 1 by years. In 1931, areas 1 through 7 
of Fig. 2 were open for drilling with the 
exception of some west-edge properties, 
and all wells drilled before Feb. 1, 1935, 
were in this portion of the field. Nearly 
all wells drilled from 1933 to 1937 were 
in areas A, B and C. Since 1939, the newly 
drilled wells have gradually enlarged the 
producing area toward the west in the 
northern portion. 
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TaBLE 1.—Production Record, Oklahoma 
City Wilcox Sand 
Accumulative iecuulasive Total 
End Oil Production, tion Billion Number 
Year Million Bbl. ae Pe. 146s |. Wells 
Pipe-line Oil are Be on, Drilled 
1930 6.2 6.3 150 
TQ31 38.2 315 
1932 67.0 iby Ae 452 
1933 II4.2 378 504 
1934 159-3 550 567 
1935 203.2 630 608 
1936 244.7 7OL 767 
1937 289.7 751 807 
1938 320.1 780 809 
1939 349.6 197 811 
- 1940 380.0 812 827 
1941 394.0 819 842 
(July 1) 


@ As of July 1, 1941 the record was 466 producing 
wells, 114 shut down or gas input, 48 plugged back, 
abandoned and 15 drilling. 

The first known reservoir-pressure meas- 


urement was made by Mr. Pat McDonald 


TABLE 2.—T ypical Analyses 


Calcu- 
Le Separator ee 
ete nitia Gas in ead 
Constituent Reser- | 1933, Mol] Gas in 
voir Fractions 1940 
Liquid 
Oxygen and nitrogen. . 0.0719 
Methane st itecnsien sven 0.3778 0.839 0.5850 
Ethane=,t.. ds ema ales ee 0.0871 0.097 0.1268 
BropaniGs earn tenes aoe 0.0628 0.039 0.1021 
Butanes tiers tek sversven ih 0.0435 0.170 0.0643 
Pentanes.. its vn eins 0.0328 0.008 0.0264 
Hexanes.. .| 0.0367 0.0150 
Heptanes ‘and heavier.| 0. 3593 0.0085 
Saturation temper- 
ature, deg F....... 132 67 
Saturation pressure, 
lb. persq.in.abs...] 2,660 95 


was not processed for natural gasoline. 
The initial reservoir-liquid analysis, as esti- 
mated from Lindsly’s bottom-hole samples 
taken in 19334 is given in Table 2 along 
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Fic. Re eae hk. PRESSURE OF DEVELOPED RESERVOIR AT 5260 FEET SUBSEA. 


‘on Dec. 6, 1931, with regular surveys 
beginning in June 1932 to give the values 
of Fig. 3. The productions of crude oil 
and natural gas are tabulated in Table 1. 
The crude-oil figures include estimates 
‘of “hot” oil and the natural-gas quantities 
include estimates of “popped” gas that 


with typical gas analyses. The pipe-line 
crude oil has been in the 38° to 39° A.P.I. 
bracket for the most part. 

Proration has existed over the entire 
life of the pool, allowables varying from 
less than 1 per cent in the flush period to 
95 per cent at the present time. Minimum 
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well allowables have varied from 50 to 


300 bbl. per day. 
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1941, 


4 


30 wells were reported capable of | 
producing between soo and tooo bbl. per 


The end of the natural flow period day. The average production is 159 bbl. | 


occurred in 1934 on the average for the 


PIPE LINE OIL-MRLLIONS OF BBLS. PER MO. 


Fic. 4.—OIL AND GAS PRODUCTION DECLINE CURVES. 


early drilled portion; gas lift followed for 
about one year, then pumping began. 
Wells in the newly drilled portion of the 
field in 1935 and 1936 flowed for some time 
with reservoir pressures at 6500 ft. of 200 lb. 
or less. At the present time, all wells are 
on the pump, 355 on the beam, 79 Kobe 
hydraulically operated installations and 
32 electrical Reda pumps. As of July 1, 
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500 cu. ft. gas per barrel of oil. Fig. 4 shows 
monthly oil and gas production data for 
recent years. 

Gas-oil separators were used during the 
flowing and gas-lift periods with the major 
portion of the gas going to the several 
gasoline plants. At present, casingheads 
are hooked to the gas lines, with pressures 
varying from above atmospheric to 4 in. 
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mercury vacuum. Table 2 contains typical 
gas analyses in these two periods of produc- 
tion, with gasoline contents ranging from 
14 gal. of pentanes and heavier for 1000 cu. 
ft. of separator gas to 2 gal. per 1000 of 
casinghead gas. 

The original oil-water contact was 
estimated to be at minus 5425 ft. The 
intersection of the top of the Wilcox with 
this plane limits the west edge of production 
indicated on Fig. 2. Water entered the oil- 
bearing sand in a rather peculiar manner, 
having detrimental effects on wells com- 
pleted below minus 5300 ft. as illustrated 
by Fig. 7. Water entered the most closely 
drilled areas and the west-edge wells 
first with a gradual rise in the portion first 
drilled to about minus 5325 ft. Table 3 


TABLE 3.—Water Production from Wilcox 
Sand 


Number Wells Water Produc- 


Date of Survey Malin cee Wiates tion, Bbl. per 


Day 
pti EF, LO38..... 184 17,700 
May 15, 1939...:.. 178 12,690 
AIG. £5;5040:.<:... 175 10,900 
March 15, 1941.... 22092 II,994 
Vets LOADS on. 2. 241% 14,660 


@ 156 wells making over 10 bbl. per day. 

+ 169 wells making over to bbl. per day. 
gives the results of cooperative surveys 
on water production, showing that more 
than one-half the wells make water. How- 
ever, since 1939, no noticeable rise has 
occurred in the level at which water is 
found, although the recent survey indicated 
a small rise in water production offsetting 
the previous decline. 


INITIAL Ort AND Gas CONTENT 
OF RESERVOIR 


Since the crude oil remaining for possible 
secondary recovery depends on the initial 
content, extreme care was exerted in 
establishing the most reliable figures. The 

initial residual oil content of 1080 million 
barrels calculated in 1935! by the material 
balance method, using solubility and 


shrinkage data, was roughly twice that 
predicted from the then known sand volume 
and porosity data. 

The initial oil and gas contents were 
recomputed with calculations shown in 
Table 4. Such items as initial reservoir 
pressure, presence of a gas cap, solubility 
data, gas production, were carefully scru- 
tinized. The initial reservoir pressure was 
taken as 2686 lb. per sq. in. abs. at minus 
5260 ft. subsea, 2630 lb. at 5100 ft., after 
considering initial casinghead pressures 
reported at 2300 lb. and plotting reservoir 
pressure against volumetric withdrawal. 
The presence of an initial gas cap was 
shown from newspaper reports on the 
Mary Sudik discovery well. Its size was 
determined by plotting early gas-oil ratios 
against depth at which wells penetrated 
the top of the Wilcox. The crosshatched 
areas of Fig. 2 along the eastern edge of 
the Wilcox area show the extent of the gas 
cap measured by the gas-oil ratios. The 
volume of gas contained in the sand esti- 
mated to be a gas cap is 10.3 billion cu. ft. 
at 60°F. and 14.65 lb. per sq. in. abs. The 
original solubility and shrinkage data of 
Lindsly® were reexamined and the curves 
of Fig. 5 were plotted. 

Table 4 gives the computations at seven 
annual intervals of the initial oil and gas 
content when assuming the reservoir 
volume a constant. Items 1 through 7 
are given or are obvious. Item 8 is the 
product of crude-oil production and 735 
cu. ft. per bbl. as solution gas either by 
differential vaporization at 132°F. or by 
flash vaporization in separators. Item g is 
taken from Fig. 6, which gives compressi- 
bility factors calculated from gas composi- 
tions occurring at the reservoir pressures. 
Item ro is the initial gas-cap gas that left 
the reservoir as the pressure dropped to 
the pressure of item 3. Item 11 equals 
item 2 minus the sum of items 8 and Io. 
Item 13 equals item 1 times 5.61 and 
times 1.361. Item 14 equals item 7 divided 
by item 5 and multiplied by 5.61. Item 15 
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is item rz times item 14. Item 16 equals 
items 13 plus 15. Item 20 is item 19 divided 
by item 5. Item 21 is item 11 divided by 
item 5. The calculated average quantity 
of initial residual crude oil is 1072 million 
barrels. 


TABLE 4.—Computation of Initial Quantity of Wilcox Crude Oil, Entire Pool 
CALCULATIONS MADE FROM RESERVOIR CONDITIONS AT INDICATED DATES 


OKLAHOMA CITY WILCOX SAND 


porosity by strata, is 18.2 per cent. The 
volume of oil and dissolved gas of Table 5 
and an estimated Wilcox sand volume 
above 5425 ft. subsea of 6,903,000,000 bbl. 
requires a porosity 21.1 per cent for the 
sand to contain the fluid. Difficult coring 


Item I-I-33 | I-I-34 | I-I-35 I-1-38 | I-1-39 
1. Crude oil produced....... 119 301 333 
2:, Gas produced 10% xt mis) 378 751 780 
3. Bottom-hole pressure..... 895 58 34.8 
4. Gas dissolved in crude at 
bottom-hole pressure..... Cu. ft. per bbl. 308 Ce ee 32 
5. Gas evolved initial con- 
dition to bottom-hole 
PLESSUTOS ah otk ee aioneenne whey Cu. ft. per bbl. 427 677.5 703 
6. Shrinkage crude from bot- 
tom-hole pressure to at- 
SNOSPRELICa ian aeene alae Per cent og 6.2 
7. Shrinkage crude from 
initial pressure to bottom- 
hole'pressure: iG. 640.255 Per cent 28.4 29.9 
8. Solution gas for produced 
OLAS Honiacd sine ie ies ave ele MMM cu. ft. ee 222 245 
9. Compressibility factor re- 
BELVOIS Pasa wacuhc sate eer Ratio 0.82 0.985 0.99 
10. Gas from initial gas cap..| MMM cu. ft. 4.0 10.1 10.2 
11. Excess gas produced..... MMM cu. ft. Pai7 518.9] 524.8 
12. Volume t std. cu. ft. gas at 
reservoir conditions...... Cus Ft. 0.0083 0.0359 0.283] 0.475 
13. Volume produced oil and 
dissolved gas). si. steietis © MM cu. ft. 533 1,270 2,300] 2,540 
14. Initial volume excess gas Ca ft: 
in Aiquid.states.. ave. os. Sl as te 0.00228 0.00229]0. 00231 .00235]0.00238 
15. Initial volume excess gas.| MM cu. ft. 961 1,072 1,219} 1,249 
16. Reservoir volume total 
production oil and gas....| MM cu. ft. 2,231 2,692 3,519| 3,789 
97.6 - 2. MMM cu. ft. 62.1 34.3 Taig) 8.0 
18. ; = = Away wi cier vherelaye oe ..| Ratio 0.064, 0.029 0.008] 0.005 
19. = gas-cap gas...... MMM cu. ft. 66 12.5 5-6 
I-- 
b 
20. Crude for gas-cap gas.... 255 123 18 II 
21. Crude for excess gas. : 664 781 766 747 
22. Total initial crude....... 1,038] 1,070 1,085] 1,091 
23..-Total initial fluid... ... i. I,4I1 1,457 1,478| 1,487 


735 cu. ft. per bbl. residual oil, solubility at 2686 lb. per sq. in. abs., shrinkage 36.1 per cent. 
Average initial residual oil, 1072 million barrels, reservoir fluid, 1460 million barrels. 


Porosity-sand volume estimates of initial 
quantity of crude oil are limited by the 
meager porosity data available (Table 5) 
and the unknown extent of some unde- 
veloped sand along the west edge. The 
data on porosity were studied in light of the 
several strata existing, as shown by Fig. 7. 
The average porosity for the samples 
examined is 18.4 per cent and for area 3, 
by an integration of sand volume and 


operations in the soft sand are likely to 
have missed the more porous sand. The 
18.4 per cent average porosity for the 
recovered sand from the two wells having 
full sand sections can be raised to 21.1 
per cent for the full sand section by assum- 
ing a porosity of less than 23 per cent for 
the nonrecovered core. 

The conclusions of this study are that 
the 1072 million barrels are in accord with 
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DIFFERENTIAL VAPORIZATION 
132 °F 


1000 2000 3000 
PRESSURE LBS. PER SQ.IN. ABS. 


Fic. 5.—SOLUBILITY AND SHRINKAGE CURVES. 


TEMPERATURE 132° F 


1000 2000 3000 
PRESSURE LBS./ SQ. IN. ABS. 
Fic. 6.—CoOMPRESSIBILITY FACTORS FOR RESERVOIR GASES. 


PER CENT SHRINKAGE BASEO ON RESIDUAL OIL 
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sand volume and porosity information a given quantity of oil is in the reservoir. 
and constitute the most probable quantity The position of the oil, the percentage | 
of initial residual crude oil. saturation of the sand, and presence of 
CONDITIONS IN THE RESERVOIR water are all important factors in any 
Any secondary recovery program must recovery program. The operators gave the 
have a more definite knowledge than that engineers a cue on the problem by their 
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TABLE 5.—Summary of Porosity Data on Wilcox Sand 


Porosity, Per Cent 
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Company Lease bo Stra- ity A 
, Sam- | Low | High|“V&™- 
ples = eh 


5,196-5,221 
§,319-5,321 


British-American.| Military 
British-American.] Military 
British-American.| Piersol 
British-American.| Hampton 
British-American.| Hampton 
tae -| Powell 
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5,241 
@ 5,256 
5,261-5,2901 


7 
NH 


B 
D 
B 
B 
B 
B 
Cc 
D 
D-1 
A 
A 
B 
B 
B 
Cc 
D 


lev joe}e 
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5,271I-5,310 9.60]25.70/20.06 
Above 5,318 TO. 10/21. 40/15.50 
Above 5,325 8.30]19.30|12.04 
5,200—5,211 21.70|23.70|23.00 
5,217-5,222 IL. 50]/11.50|11.50 
5,212—5,262 . 10. 80/23 .30|17.93 
5,142-5,151 ; I2.90]19.30|15.90 
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Oil Saturation, Per Cent 
Well Core from Stratum, Number of] Porosity, | Permeability, 
Zone Samples Per Cent Millidarcys 
Low High Average 
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constant reference to “fluid levels” in 
producing wells. 

General knowledge of a gas drive remov- 
ing oil from sands would indicate a liquid 
saturation of 40 to 50 per cent in the upper 
portion of the reservoir with increasing 
saturation in the lower part of the reservoir. 
Examination of the facts involved proved 
otherwise. Core data on some of the newly 
drilled wells showed an oil-gas contact to 
exist over the range of a few feet. Table 
6 shows core data obtained on cores or 
bailer samples recovered before and after 
reaching the oil-gas contact. The stratum 
from which the specimen was obtained is 
listed in accord with the symbols of Fig. 7. 
Special efforts were made to get uncon- 
taminated sand and to improve coring and 
‘sampling technique. The table shows oil 
saturations in the gas zone of 1.0 to 25.9 
per cent and oil saturations of 52.7 to 
92.8 per cent of the pore space in the sand 
below the oil-gas contact. 

Determinations of connate water were 
made on an early core taken with Aquagel® 
and on a newly drilled well without water 
in the hole. The former indicated 0.3 to 
o.8 per cent of pore space to be connate 
water and 147 samples from the latter 
averaged 2.6 per cent of pore space as total 
water or 0.6 per cent connate water cal- 
culated from chloride contents of Wilcox 
brine. Other water contents ranged from 
I per cent to over 50 per cent but the 


samples were taken in the presence of 


water. The data indicate a possibility of 
I per cent or even no connate water in the 


sand. 
An attempt to relate the core data and 


‘the apparent separation of the reservoir 
into a gas cap and an oil-saturated zone 


with other information on oil drainage 


from sand revealed the following: Tests 
in two laboratories’ on the drainage of 


oil from nonconsolidated sand showed a 


low saturation in the upper portion of the 
sand (Fig. 8). Computation of oil satura- 


tions based on Leverett’s paper® gave the 
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curve of Fig. 8. Not satisfied with the 
positive evidence that the indicated drain- 
age would occur in consolidated sand, a 
test was made on pieces of consolidated 
sand from the outcrop. 


40 


DISTANCE FROM BOTTOM- INCHES 


Outcrop Wilcox sand was sawed into 
blocks, sections 3 in. square and lengths 
varying from 8 to 14 in. Six pieces were 
joined by nonconsolidated sand, paper 
was wrapped at the joints and they were 
placed in a 53¢-in. pipe (Fig. 9). The sand 
was sealed in place by a quick-setting 
gypsum (Calseal) cement and dried for 
about 24 hr. by dry propane passed through 
the core. Wilcox crude and kerosene having 


BREEZES 
FEEEELEELLEEE 
ie 2) Te ee |S lS a 


BEBE AA esc 
PUN 1 ee | alae 
Rp 


a viscosity of 2.1 centipoises at 83°F., 
which is equivalent to the viscosity of 
Wilcox crude at 130°F. (41.7°A.P.L., 
25.7 dynes per em. surface tension), was 
used to saturate the sand by displace- 


6 
PERCENT OIL SATURATION 
Fic. 8.—DRAINAGE OF OIL FROM NONCONSOLIDATED SAND. 


ment of oil up through the sand. The oil 
was allowed to drain at room temperatures 
varying from 79.5° to 85.5°F., giving the 
usual declining rate curve and a noticeable 
influence of 2° or 3°F. on the drainage rate. 
At the end of 15.6 days, the pipe was cut 
into rings 1 to 3 in. wide and the sand was 
removed to sealed bottles. The oil-satura- 
tion results determined by W. S. Walls 
are shown by Fig. 10. The consolidated 
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sand had an average porosity of 15.6 per 
cent and permeability of 628 millidarcys 
and more nearly represents the “tight” 
sand of stratum A in Fig. 7 than the 
“loose” sand of stratum B in the reservoir. 
The low saturations of 6 to 8 per cent of 
the pore space filled with oil in the top 
section of the consolidated sand was 
positive proof of the ability of natural 
drainage to lower the oil content below 
that to be recovered by any other com- 
mercial method. 

The reservoir was studied with regard 
to the “fluid level” reports from the field. 
Fig. rr shows the best data for a given area 
that were available to give a decline curve. 
The level at which crude oil was encoun- 
tered while drilling in, the level from sub- 
surface pressures, and the bottom of 
wells at the base of the sand that went off 
production because of the receding oil 
were used to indicate the oil-gas contact. 
This scattering of points shows a relatively 
wide variation in the “‘oil level,” but for 
July 1, 1940 should have given a fairly 
general average for the area. Similar curves 
for the other areas fixed oil-gas contact 
levels as of July 1, 1940 as tabulated in 


Table 7. 


Using these liquid-gas contact data, the 
information on water intrusion placed on 
cross sections similar to Fig. 7, and sand- 
volume data, the Wilcox sand was divided 
into zones: gas, oil, and water permeated. 
Table 7 gives the sand and pore volumes 
of these zones for the areas studied and 
Fig. 12 is a representation of the division 


into zones. 


Information as to the effectiveness of 


water in flooding the sand below the general 


level to which it had risen comes from 


calculations shown by Table 8. Percentages 


~~ = 


of oil saturations were assumed in the gas 
and oil zones and the remaining oil, after 
corrections for migration in an area, was 
converted to percentage saturation. The 
most probable oil-saturation values of 
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20 per cent in the gas zone and 85 per 
cent in the oil zone indicate that slightly 
less than 50 per cent of the pore space 
below the top of the water intrusion con- 
tains crude oil. Although water has been 
irregular in its rise, this figure as an over-all 
average of oil retained is not indicative of 
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Fic. 9.—GRAVITY DRAINAGE APPARATUS. 


any beneficial action by the natural water 
encroachment. 

During the past year there have been 
few changes in the oil-water contact 
observed. However, the gas-oil contacts 
have lowered as much as 35 ft. in the more 
productive areas, C, 1 and 2, with little 
observed change in areas A and B. An 
average decline of 12 ft. for the entire 
Wilcox has been calculated for the period 
of Jan. 1 to July 1, 1941. Some new wells 
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CONSOLIDATED OUTCROP 
OF WILCOX SANO 


PERCENT POROSITY 
MILLIDARCY PERMEABILITY 
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Fic. 10.—SATURATION DISTRIBUTION AFTER DRAINAGE. 


TABLE 7.—Division of Reservoir into Gas, “Oil” and “ Water-permeated Zones” 


Volume of Sand, Million | pore Volumes,* Million BbI. 
Gas-oil Con- Oil-water 


Area tact, Ft. Contact, Ft. Water- Water- Total 

Subsea Subsea Gas Oil perme- Gas Oil perme- 

Zone Zone ated Zone Zone ated 

Zone Zone 
A 5,206 5,275 105.0 22.0 597.0 235 4.8 132.0 159.9 
B 5,255 5,325 569.0 252.0 258.0 | 125.0 55-5 56.7 237.2 
Cc 5,220 5,325 288.0 221.0 200.0 63.3 48.6 44.0 155.9 
I 5,210 5,302 420.0 328.0 407.0 94.3 VEE! 890.5 255.9 
2 5,196 5,308 273.0 378.0 418.0 60.0 83.1 92.0 236" G 
3 5,244 5,300 132.0 109.0 287.0 29.0 2As Tt 63.1 116.2 
Part¢ of 4 235 5,309 53-3 94.6 172.0 9.9 17.5 31.8 59.2 

Total 1,849.3 | 1,404.6 | 2,339.0 | 404.6 305.7 5090.1 


@ North of south line of section 22. 
+ Porosity used: areas A, B, C, 1, 2 and 3, 22 per cent; part of area 4, 18.5 per cent. 
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have been completed in areas abandoned and more recently to new wells. Attempts 
because of the fingering of water and now have been made to estimate the future oil 
produce 400 to 500 bbl. of oil per day. production by decline curves since pro- 
Observations made during the past year ration has ceased to curtail the production 
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TABLE 8.—Calculated Oil Saturations of “ Water-permeated” Zones 
MILLIONS OF BARRELS 


Pore Space in ‘‘ Water-permeated 
Zone”’ Filled with Residual Oil, Per 


Cente 
‘ ae Remaining 
Total Pore | Gross Oil Initial : 
Area Volume# | Production | Residual Oil wry al 20 % Gas 40 % Gas 40 % Gas 
Zone Zone Zone. 
85 % Oil 85 % Oil 60 % Oil 
Zone Zone Zone 
() (2) (6) (7) (8) (9) 
A 159.9 13.2 $2773 75.7 Sit 48.0 48.8 
B 237.2 48.2 174.3 97.6 53.0 12.0 34.8 
Cc 155.9 2357 114.5 71.4 47.6 20.5 460.4 
"4 255.9 130.9 188.0 118.4 48.5 29.0 47.0 
2 235.1 W257, 172.8 TUFF 43.9 31.8 52.9 
3 116.2 25.5 85.4 55-9 49.5 40.9 49.9 
Part of 4 59.2 23.4 43-5 20.1 13.2¢ 7.94 20.84 
Total I,219.4 337.6 8905.8 556.8 


« Porosity used 22 per cent areas A, B, C, 1, 2 and 3, 18.5 per cent area 4. 
6 Estimates of oil migration are included. 
¢ Reservoir liquid saturation: 20 per cent fluid = 18.7 residual oil. 
40 per cent fluid = 37.4 residual oil. 
60 per cent fluid = 56.1 residual oil. 
P . 85 per cent fluid 79.5 residual oil. 
4 Migration not included for this area. 
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Fic. 12.—DIvISION OF RESERVOIR INTO GAS, OIL AND WATER-PERMEATED ZONES. 


AY WATER PERMEATED ZONE 


bear out the general validity of the reservoir for the most part. As of Jan. 1, 1940, the 
conditions just described. Wilcox sand north of the south line of 
section 22-11-3 was estimated to produce 
73-1 million barrels by this method. 

The amazing feature of the Wilcox sand Already 41.5 million barrels of this quantity 
history has been the high recoveries of have been produced, leaving 31.6 million 
oil with continual upward revision of barrels of this estimate to be produced 
future production estimates. This is due in after July 1, r941. In July 1040, a revised 
part to the present low rate of water estimate gave 92.8 million barrels of future 
entrance to the sand following the early oil, and the production of 27.2 million 
rapid rise, partly to the drainage occurring, barrels from July 1, 1940 to July 1, 1941 
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from this portion of the field leaves 65.6 
million barrels as the future production of 
this estimate. Another estimate using the 
data to July 1, 1941 predicts by decline 
curves a future oil production of 709.4 
million barrels. 

The influence of the 31 wells drilled 
since Jan. 1, 1940 is obvious when it is 
known that 16 per cent of the present 
production comes from these wells. Like- 
wise deepening, cleanouts, and general 
improvements in pumping operations have 
prevented the curves for an area from fol- 
lowing the usual decline pattern. Difficulties 


recovery of 88 million barrels from the 
oil zone by reducing the saturation 65 per 
cent, or from 85 to 20 per cent. Likewise, 
the water-permeated zone would produce 
112 million barrels of oil if its oil saturation 
could be reduced to 25 per cent of the pore 
space. A reduction in saturation of 5 per 
cent in the gas zone would yield 18 million 
barrels of oil. 


WATER-FLOODING 


The first report to the Association 
advocated water-flooding as a secondary 
recovery method. A careful recount of 


TABLE 9.—Oil Recoveries by Reduction in Oil Saturations 
MILLIONS OF BARRELS 


Pore Volume 


Area Oil Zone Decline Curves 
A 4.8 3.19 
B 55.5 24.6 
(G 48.6 23.6 
I 72.1 24.3 
2 83.1 8.6 
3 24.1 7.6 
Part of 4 reyes 0.9 
Total 30507 92.8 


in determining for an area the natural 
future production as “primary” oil and 
estimates of “secondary” oil are numerous 
under these conditions, even though the 
decline curve may be correct for individual 
wells or leases. In a good measure, the 
information for conducting these drilling 
operations was accumulated in the ‘‘second- 
ary recovery” studies but the added 
production is labeled as natural production 
because no artificial stimulus is being 
required to obtain the estimate given by 
the decline curve. Table 9 lists the esti- 
mates of future production as of July 1, 
1940 from decline curves for the areas 
studied and Fig. 4 shows the decline curve 
for the entire Wilcox sand. 

Estimates of oil recoveries above primary 
oil by decline curves may be made from 
estimates of present and final saturations 
in the reservoir. Table 9 indicates an added 


Future Primary Oil by 


Oil Recovery by Reduc- 
tion from 85 to 20 Per 
Cent Saturated above 

Decline Curve in Oil Zone 


Oil Recovery by Reducing 
Water-permeated Zone to 
25 Per Cent Oil 


0.6 33.0 
hee I5.2 
6.5 9.9 
17.8 21.0 
39.9 C74 
6.4 I5.4 
9.2 oO. 

88.2 Ti Td) 


the facts involved show the following: The 
natural water drive was very irregular and 
detrimental to natural production. Drain- 
age of oil has left some of the gas cap with 
less than ro per cent of the pore space 
filled with oil and has accumulated a layer 
of sand with a high oil saturation. Control 
of water movement in the highly permeable 
sand has no indication of being a simple 
problem, for accidental entrance of water 
in the reservoir has quickly flooded near-by 
wells. 

With these points adverse to water- 
flooding, tests were made to investigate 
the wettability of the Wilcox sand by oil 
and water.®:!° Fig. 13 shows the displace- 
ment cell used.!° The usual test was to 
pack sand containing water in end B and 
sand containing oil in the other end with 
an oil-water meniscus at A. The capillary . 
tube D measured the displacement pressure 
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of the water for the oil that occurs if water 
preferentially wets the sand. 

Some 50 runs were made to evaluate 
wetting characteristics of Wilcox sand as 


CELL. 


compared to other sands. Table 10 shows 
the results of displacement tests using 
outcrop Wilcox sand and tap water. The 
initial displacing pressure is necessary 
because placing the stopper and capillary 
tube in the end of the cell resulted in an 
initial height of oil in the capillary. Tap 
water displaced kerosene at a remarkable 
rate, such as the first 6 in. differential in 
10 minutes. 

Table 11 shows data on displacing crude 
oils with water from the same reservoir 
and using the indicated sand. In no case 
could Wilcox water be made to displace 
Wilcox crude from clean or reservoir sand. 
Table 12 shows results of treating sand 
upon the displacing ability of tap water 
for kerosene. The data show that washing 
dry clean sand in Oklahoma City Wilcox 
crude did something to the sand to remove 
the preferential wetting of tap water over 
kerosene. Other crudes evidently had some 
effect on the dry sands, but not to the same 
degree as the Oklahoma City Wilcox 
crude. 

The outcrop sand packed in the cell 
had an average pore radius of 0.00267 cm. 
as measured by displacement pressures 
with benzene, butyl acetate and water. 


SECONDARY RECOVERY FOR OKLAHOMA CITY WILCOX SAND 


The surface tension of the kerosene was 
25.6 dynes per cm. at 82°F., of Wilcox 
water was 77.0 dynes per cm. at go°F. 
and of O. C. Wilcox crude was 23.3 dynes 
per cm. at 89°F. 

Tests of this nature are not conclusive 
as to the wettability of the reservoir sand 
by native oil and water because of meager 
experience with them, but they do indicate 
that O. C. Wilcox sand may not be pref- 
erentially wet by Wilcox water. The low 
content of connate water, or absence of 
connate water in the sand is in accord with 
this finding. Also, the lack of beneficial 
results from natural flooding points to 
the same conclusion—that there is no 
assurance that a water drive in the O. C. 
Wilcox sand would recover the desired 
crude oil. 

In order that water injection might be 
given full consideration, the expected 
yields and economical angles were con- 
sidered. The large number of input wells 
required and the costs of handling water 
became apparent. Fig. 14 shows a typical 
electrolytic flooding diagram prepared to 
show possible lines of water advance for a 
given set of wells and assuming uniform 
sand thickness, resistance, and other 
properties. The raising of the oil-gas contact 
seemed undesirable because the gas zone 
already contained less oil than would be 
left if water were used to remove it. The 
net result of such considerations was 
that oil recovery by water drive with 
present knowledge was impractical and 
uneconomical. 


Gas INJECTION 


The injection of gas to raise the reservoir 
pressure above atmospheric has merit 
from several angles. The drainage of the 
oil from top to the bottom of the sand is 
the most important phenomenon in the 
recovery process. Gas evolution from crude 
oil causes rapid increases in viscosity and 
surface tension, which retard the drainage 
process. Gas-pressure differentials will 
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force oil from one position to another, but 


are not likely to move liquid from the well 


drained portion of the gas zone or cap. 


TABLE 10.—Displacement of Oils from 
Outcrop Sand by Tap Water 


Displacing Pressure in 
Inches of Fluid Displaced 


Run Temp. Begin- Time 
No. Oil of. ning Hrs. End 

1 Kerosene 88 - 16.0 12.70 
11 Oklahoma City Wilcox 94-88 2.50 15.0 3.50 
15 Pawhuska 90-94 1:20. 32k 8,00 
16 U 90-94 1.05 6.5 6.00 
26 Burbank 87 1.30 5.5 2.38 
27 Oklahoma City Wilcox 86-87 1.60 18,0 6.24 
30 Earlsboro Wilcox 87 0.10 1.0 0. 60* 
32 we in 88 1.40 0.5 2.00* 
35 Oklahoma City Johnson 83-85 0. 80 Sea 3.40 
38 East Texas 79-80 2.60 17.5 5.60 


*Reading reaches maximum and comes down, probably due to channeling. 


pressure to have all natural-gas gathering 
lines above atmospheric pressure will 
eliminate the oxygen, which causes corro- 
sion and which is now present under 
vacuum-line conditions, and_ especially 


TABLE 11.—Displacement of Reservoir Oil 
with Reservoir Water 


Displacing Pressure in 
Inches of Fluid Displaced 


Run Reservoir Temp, Begin- Time 
Nos Fluids Sand With Treatment oF. ning Hrs. End 
5 0. C. Wilcox 0. C. Wilcox bailer 
washed natural gaso. 88-96 2.00 7.3 0. 70 
6 0. C, Wilcox Outcrop Wilcox 88-96 0.70 1.3 0,40 
18 0. C. Johnson Outcrop Wilcox 90 3.62 2.3 3.87 
28 0. C. Wilcox Outcrop Wilcox 87-88 1.10 2.2 0.90 
29 Billings Wil. Outcrop Wilcox 88 0.45 15.0 2.63 
39 East Texas Outcrop Wilcox 79-80 1.75 17.2 3.00 
44 0, C, Wilcox Reservoir 0. C, 78-80 1.88 4.0 1,28 
Wilcox extracted 
benzene 30 hrs. 


TABLE 12.—Effect of Treatment of Sand Surface on Displacement of Kerosene by Tap Water 


Run 


Displecing Pressure in 


Inches of Fluid Displaced 
Begin- ‘ime 


Temp. 

No. Sand Treatment. Or, ning Hrs. End 
1 Outcrop Wilcox None 88 - 16.00 12.7 
3 . Md 89 6.60 6.00 12.70 
4 s iy i 89 5.7 1.50 11,60 
8 t. Soaked in 0.C. Wilcox crude, - 1.60 1.00 1.50 

washed with natural gasoline, 
dried. 
9 i n Soaked in benzene & dried 93 5.50 0.75 10, 30* 
‘J ® Soaked in natural gasoline OL 5.00 1.30 12.00 
a and dried : 
19 J z Soaked in 0.C. Wilcox crude, 90 1.50 0.75 1.30 
washed with natural 
gasoline, dried. 
22 Bartlesville Crushed, washed water, acetone, 89-92 3.40 9.00 5515 
core natural gasoline and benzene, 
dried. 
23 O. C. Wilcox Crushed, extracted benzene 86 2.25 1.00 2.10 


30 hrs., dried. 
24 Bartlesville 


Crushed, extracted benzene 


48 brs., dried. 
25 Billings, Wil. Crushed, extracted benzene 86 0.80 2.20 2015, 
30 hrs., dried. 


34 Outcrop Wilcox Soaked kerosene, washed 


10.00 


natural gasoline & benzene 


36 0. C. Wilcox 


Extracted benzene 30 hrs., 


dried, washed tap water, 


dried. 
37 Bartlesville 


Extracted benzene 48 hrs., 


dried, washed tap water, 


dried. 


40 Outcrop Wilcox Wet tap water, stirred with 
Wilcox crude, washed 


‘9-80 1.10 5.00 


natural gasoline and ben- 


zene, dried. 


41 Billings Wil. Extracted benzene 30 hrs., N- 1.65 9.50 2.733 
dried, washed tap water, 81.5 
dried, 

42 Outcrop Wilcox Soaked Billings crude, 81- 2.65 4.50 3.26". 
washed natural gasoline, 81.5 
dried. 


* Probably not at equilibrium 
**Tube not well packed, shaly 


Entrance of water into the reservoir 
may be associated with reservoir pressure 
and may be retarded by an increase in 
‘reservoir pressure. The raising of the 


owing to cleaning out of wells with some 
wellheads at 2 to 4 in. vacuum. 

A gas-injection project in the south 
end of the Wilcox sand not studied in 
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detail by the Association, areas 5, 6 and 7, 
has given favorable results. The oil-decline 
curve shows a flattening after gas injection 
and the increased recovery over a 19-month 


remained substantially constant with no 
vacuum at casingheads. 

In the area under study, several small 
gas-injection projects have been tried, some 


FIG. 14.—WATER-INJECTION PATTERN, 


period of gas injection based on these 
decline curves is 14 million barrels of oil. 
About 3 of the produced gas was returned 
to high-input wells for a total input of 
about 3 billion cubic feet. The reservoir 
pressures in this portion of the field have 


without success in increasing oil recovery 
and some with apparent increases of oil. 
The universal problem in all such studies 
has been the unknown effect of recondition- 
ing and deepening of wells that have 
accompanied most operations in the area 
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under study. The experience with gas to 
date would lend encouragement to such a 
project. 


Gas INJECTION AND UNITIZATION 


Gas injection of any magnitude would 
require unitization of the leases in a con- 
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drainage of the oil down toward the oil- 
water contact was estimated to increase 
the ultimate recovery 80 million barrels 
above that predicted from decline curves 
as of July 1, 1940. The exact proportion 
of this recovery that may be attributed 
to the gas injection and that due to unit 
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Fic. 15.—FIELD LIFTING COSTS. 


tinuous section of the sand. Operation of 
a large section of the reservoir as a unit, 
such as section 15-11-3 and all of the area 
north of this natural barrier, has great 
possibilities of increasing the recovery of 
crude oil. Unitization with broad control 
of operations along with injection of gas 
to provide improved conditions for the 


operation is difficult to say. This estimate 
of 80 million barrels of extra crude oil 
is based on reducing the oil-zone saturation 
by some 65 per cent for the primary oil 
plus the secondary oil. This figure may 
appear high, but the same recovery can be 
estimated from another procedure too 
detailed to explain here, which requires a 


48 


reduction in saturation of only so per 
cent of the pore space of the oil zone 
plus some from the draining gas zone and 
the top portion of the water-permeated 
zones. 

An economic study was made of the 
proposed unitization project to recover 
80 million barrels of crude oil above the 
primary oil by decline curves. It was 
necessary to set up the rate of production, 
number of operating wells, gas purchases, 
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13) was estimated as $134,100,000, or an 
increase in earning of 73 million dollars. 
The total gas to be purchased on the 
project was 136 billion cubic feet, which 
would have raised and maintained a 
reservoir pressure of 35 lb. gauge. 

In addition to this recovery of oil, the 
oil in the water-permeated zone has possi- 
bilities of recovery. It is known that both 
water and oil will drain from the sand® 


in a manner similar to drainage of oil 


TABLE 13.—Estimated Cost and Earnings by Unitization and Gas Injection 


(1) (2) (3) (4) (5) (6) (nN (8) (9) (10) 
No. Average 
of Pipe Line 
Pro- Runs Per Well Total 
7/8 Pipe duc- Per Well Lifting Gas Cost 
Pipe Line Line Runs ing Per Day Cost Per Total Yearly @ $0.06 per Total Earnings 
Years Runs-Bbls. Bbls. Wells _ Bbls. Month Lifting Cost M.Cu.Ft. Total Expense Total Earnings** Less Expense 
1940* 14,030,000 12,276,250 400 194 $447 $1,077,271 $ = $ 1,077,271 $ 13,012,825 $ 11,935,554 
1941 27,202,000 23,801,750 384 194 447 2,059,776 1,651,6 ,711,3 25,229,855 21,518,459 
1942 26,010,000 22,758,750 367 194 447° - 1,968,588 1,292,820 3,261,408 24,124,275 20,862,867 
1943 24,915,000 21,800, 352 194 447 888,128 1,238,400 3,126,528 23,108,663 19,982,135 
1944 23,875,000 20,890,625 337 194 447 1,807,668 1,186,740 1994, 144,063 19,149,655 
1945 18,920,000 16,555,000 305 17” 438 1,603,080 940, 500 2,543,580 17,548,300 5,004, 720 
1946 12,615,000 11,038,125 261 132 461,302,912 627, 1,929,972 1,700,413 70,441 
1947 8,420,000 7,367,500 223 99 391 1,046,316 418,560 1,464,876 7,809,550 6,344,674 
1948 5,600,000 4,900, 190 81 374 852,720 278,340 1,131,060 5,194,000 4,062,940 
1949 3,729,000 3,262,875 160 62 351 673,920 185,400 859,320 3,458,648 2,599,328 
1950 2,494,000 2,182,250 133 51 336 536,256 123,960 21 2,313,185 1,652,969 
1951 1,662,000 1,454,250 109 321 19 , 868 +620 502,488 1,541,505 1,039,017 
1952 1,110,000 971,250 88 35 309 326,304 55,200 381, 504 1,029,525 648, 0: 
1953 74,3 , 500 650,563 69 300 8, 400° 36,969 285,360 597 404,237 
1954 492,700 431,113 52 26 291 181,584 480 206, 456,980 250,91 
1955 328,200 287,175 37 2h 288 127,872 16,320 144,192 304,406 160,214 
1956 218,500 191,188 27 22 283 91,692 10,860 102,552 202,659 100,107 
1957 145,400 127,225 20 20 280 67,200 7,260 460 134,859 60,399 
TOTAL 
172,510,300 150,946,514 $16,279,555 $8,177,100 $24,456,655  $160,003,308 $135, 546,653 
Correction for Power 1,415,793 1,415,793 1,415,793 
Corrected Value $17,695,348 $25,872,448 $134,130, 860 


* For last half of 1940 
** Oil at $1.06 per bbl. 


lifting costs, and other factors for present 
as well as for unitized operations. Fig. 15 
shows the lifting costs under competitive 
operations. Table 13 gives the estimated 
earnings from unitization and gas injection. 
For brevity, only the conclusions of this 
study are presented. 

The income less lifting and gas cost for 
competitive operations to recover 92 
million barrels of primary oil from the 
portion of the field north of south line 
of section 22-11-3 was estimated as $60,- 
500,000. The income less lifting and gas 
cost for gas injection and unitization (Table 


alone. Removal of 14,000 bbl. of water 
per day, the present rate for the entire 
Wilcox sand, plus the accumulated water 
of about 200 million barrels in the area 
studied, would bring over 100 million 
barrels of additional oil into the realm 
of possible recovery. Enough information 
is not available on the behavior of the 
water in the water-permeated zone to 
state that this additional oil could be 
recovered. Unit operation is necessary for 
any program that would bring economical 
recovery of this oil into the realm of 
possibility. 
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LEGISLATIVE PROBLEMS 


A legal study of the secondary-recovery 
project was made for the Association* to 
parallel the engineering work. Although 
-unitization might be possible with existing 
Oklahoma laws, it appeared essential to 
have legislation to ensure satisfactory 
operation of a secondary-recovery project 
in the Oklahoma City Wilcox sand. 

A bill was prepared for presentation to 
the legislature but conflicting interests 
and difficulty in a complete understanding 
of the problems delayed submission of 
the bill until close to the end of the session 
in May 1041. The bill proposed to give 
authority to the Corporation Commission 
to grant the majority in interest the right 
to organize a secondary-recovery unit. 
The necessary majority in interest varied 
from 99 per cent of the operations when 
75 per cent of the primary oil was produced 
and dropped to 75 per cent when roo per 
cent of the primary oil was produced. The 
organization of a unit would include 
estimates of future recovery of primary 
oil and gas that each operator in the field 
was to receive from the unit. The small 
minority of operators who were unwilling 
to join such a project would turn their 
properties over to the unit for operation 
and receive the predicted oil and gas for 
their wells less a lifting cost. Those joining 
in the unit likewise would receive their 
share of the primary oil but also share 
in the secondary oil recovered and bear a 
proportionate amount of the operation 
expenses. The bill was not enacted because 
of the lateness of its submission, making 
the task of unitization of the major part 
of the field a practical impossibility until 
legislation is passed or until depletion 
brings about cooperative efforts. 

The passing of time does increase the 
accuracy of estimates of primary oil by 
decline curves but is also causing abandon- 
ment of wells that might be useful in 
secondary operations. A cooperative small- 


= ee 
*R, M. Williams, Attorney. 


scale project is under discussion for section 
22-11-3 since the area is nearing depletion. 

Future plans for secondary-recovery 
operations to recover these estimated 
millions of barrels of oil are indefinite 
because legislation to authorize unitization 
by a majority in interest is lacking. Ample 
engineering evidence is available that the 
operation of the Wilcox sand as a unit 
would enhance the oil recovery and economic 
return to the royalty owners, to the State 
of Oklahoma, and to the operators once 
the legal barriers were removed. 
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DISCUSSION 
(J. U. Teague presiding) 


D. L. Katz.—In the absence of Dr. Bartell* 
and Dr. Benner,t I would like to present the 
following note, prepared jointly with them. 

The results in this paper led to the measure- 
ment of a few interfacial contact angles of some 
crude oils and reservoir waters on quartz 
plates and tips. Fig. 16 gives certain contact- 
angle measurements for quartz-crude-oil-reser- 
voir-water systems and also for a system of 
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quartz, iso-octane and distilled water, as had increased slightly with standing but 


follows: appeared to have reached an equilibrium value 
a. A quartz plate was covered with Okla- before the photograph was taken. 
homa City Wilcox water and a droplet of b. The procedure of test a was repeated, 


a b 
c d 
eg f 


Fic. 16.—MEASUREMENTS OF CONTACT ANGLES. 
O. C. Wilcox crude oil in O. C. Wilcox water. 

East Texas crude oil in East Texas water. 

O. C. Wilcox crude oil in O. C. Wilcox water (oil in). 
d. O. C. Wilcox crude oil in O. C. Wilcox water (oil nearly out) 
e. Iso-octane in distilled water (iso-octane in). 

Jf. Iso-octane in distilled water (iso-octane out). 


a. 
b. 
C. 


Oklahoma City Wilcox oil was brought into using East Texas water and crude oil. The 
contact with the plate. The photograph taken contact an gle through the aqueous phase is 23°. 
after about 2 hr. shows a 60° contact angle, as c. Oklahoma City crude oil was forced out 
measured through the water phase. The angle through a capillary channel onto the surface 


te 
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of a fused quartz plate immersed in Oklahoma 
City Wilcox water. The contact angle measured 
through the aqueous phase was 55°. This test 
is in principle the same as test a, using different 
technique. 

d. The droplet formed in test ¢ was reduced 
in size by withdrawing the oil through the 
capillary. The contact angle increased to 180°, 
measured through the water phase; the photo- 
graph of Fig. 16d was taken before the oil 
was completely withdrawn. 

e. Pure iso-octane was forced out through 
the capillary onto the surface of a fused quartz 
plate immersed in redistilled water. The con- 
tact angle measured through the water phase 
was zero. 

f. The droplet formed in test e was partially 
withdrawn. A stable contact angle of 36° was 
obtained, as indicated in Fig. 16. 

Photographs c through f were taken upside 
down. 

The behavior exhibited by the silica-crude- 
oil-reservoir-water systems is seen to be quite 
different from that for the system of silica, 
iso-octane and pure water. 

In experiments a, b, c and ¢, in which the 
solid was initially wet by the water, it can be 
noted that the solid shows a preferential 
wetting by the water when oil or octane is 
brought into contact with the solid. It is of 
some significance, however, that a zero contact 
angle was formed between silica, iso-octane 
and water, whereas both of the crude oils form 
a definite, finite and measurable contact angle 
with the silica and reservoir water. 

Experiments d and f are even more striking 
in illustrating differences in behavior between 
systems of pure liquids and reservoir fluids. 

Water indicated no tendency to remove oil 
from the surface of silica in test d; even though 
the quartz surface was initially wet by water, 
contact of the solid with the oil drop in test ¢ 
has resulted in an alteration of the wetting 
‘characteristic of the solid. Both Oklahoma City 
and East Texas liquids gave this behavior, 

which is in direct contrast with that of the 
system shown in Fig. 16f. A difference is to be 
noted from Fig. 16e, where a zero angle was 
observed when iso-octane was brought into 
contact with a plate immersed in water. 
When water advances over a surface wet with 
iso-octane (f), an angle of 36° is obtained, 
indicating that the solid is still preferentially 


wet by water, although iso-octane does have 
an effect on the surface. 

It is presumed that the crude oils contain 
certain polar compounds, which are responsible 
for their very striking behavior. Of extreme 
interest is the observation that although the 
crude oils do not displace water from a surface 
initially wet by water, the oils do alter the 
solid surface on contact, so that after a short 
time the water is incapable of displacing the oil 
from the solid surface. It seems reasonable to 
assume that this alteration of the solid surface 
was due to tenaciously adsorbed polar con- 
stituents from the crude oils. 


H. F. Brarpmore,* Tulsa, Okla.—In order 
to be brief, these remarks must be confined to a 
critical discussion of Dr. Katz’ paper, and all 
comment on the many and predominating 
merits of the report must be omitted. However, 
one cannot overlook the excellent work of the 
engineers in recognizing the gravity drainage, 
in uncovering the difficulties of water-flooding 
and in compiling and evaluating a mass of 
data. 

The fundamental conclusion of the paper is 
that 80 million barrels of oil is recoverable by 
secondary-recovery methods. This is qualified 
in three major ways: (1) that this 80 million 
barrels of oil is in excess of indicated primary 
recovery based on decline curves; (2) that this 
increased recovery will result from gas repres- 
suring; and (3) that unit operation is required 
for part of this additional recovery. 

Concerning the first qualification of the 
80-million-barrel recovery above estimates 
from decline curves, the paper states: “The 
amazing feature of the Wilcox sand history 
has been the high recoveries of oil with con- 
tinual upward revision of future production 
estimates.” These upward revisions ere cur- 
rently occurring and will continue to occur. 
Additional recovery from new and deepened 
wells will also raise the estimates. These up- 
ward revisions of future production estimates 
will greatly reduce, and may even wipe out, the 
80 million barrels now set up as secondary oil. 

In the second qualification, gas injection is 
supposed to force oil down structure to produc- 
ing wells but the paper points out also the 
effectiveness of gravity drainage and leaves no 
question but that it will continue. The paper 
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then states: ‘‘Gas pressure differentials will 
force oil from one position to another, but it is 
not likely to move liquid from the well drained 
portion of the gas zone or cap.” The logical 
conclusion from this is that natural gravity 
drainage will deplete the reservoir to a point 
where further depletion by gas drive will be 
impossible. There is the opportunity to recover 
a portion of the oil left in the drained zone by 
cycling and resaturating dry gas in this zone, 
but such recovery will be in the form of gaso- 
line, which is not mentioned in the paper. 

The third qualification is unitization. Its 
value to secondary recovery lies in a coopera- 
tive plan.to dewater the oil zone now flooded. 
This appears to stretch the scope of secondary 
methods, but if this idea is to be considered, it 
could be currently applied by cooperative 
agreements in localized areas and not rate a 
secondary-recovery status. 

Holding strictly to the paper, there appears 
to be: (1) primary recovery being revised 
upward that is tending to wipe out the indi- 
cated secondary oil; (2) a recovery by gravity 
drainage that greatly excels recovery by any 
known gas drive; and (3) unitization for water 
removal that is questionably labeled a second- 
ary method. All this leads one to question the 
necessity for a secondary-recovery program. 
It is believed the data of the paper can logically 
be interpreted to show that present primary 
methods will practically and economically 
recover all the oil that is credited to the 
secondary-recovery program. 


J. A. McCurcuin,* Tulsa, Okla.—The 
brevity of Dr. Katz’s paper does not permit 
him to do justice to the quantity or quality of 
work and study that has been spent upon the 
possibilities of secondary recovery for the 
Oklahoma City Wilcox sand by Dr. Katz and 
his associates. 

One important consideration when a gas 
repressuring or recycling is contemplated is the 
increased recovery of gasoline, butane and 
propane. This important phase of repressuring 
was not covered in the paper. The Oklahoma 
City reservoir, with an extensive gas cap and 
partially saturated sand of high permeability, 
should respond very well to recycling dry gas. 
Field experiments indicate that dry gas can be 
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injected and the same gas recovered in adjacent 
wells with a gasoline content of 214 gal. per 
thousand cubic feet. Considering all factors 
pertinent to the subject, it appears that there 
is more certainty that a gas-recycling program 
to recover gasoline butane and propane is 
likely to be more profitable than repressuring 
to recover crude oil. 


D. R. Kwnowrrton,* Bartlesville, Okla.— 
Dr. Katz has stated concisely the problems and 
possibilities of engineering work and legislative 
problems that operators face in Oklahoma City. 
He has brought out the fact that this field 
differs from any other field in several aspects; 
namely, the sand is apparently oil-wet, the 
reservoir has a definite gas-oil contact or 
fluid level; there is less than 1 per cent connate 
water, and gravitational drainage has reduced 
the saturation in the gas cap greatly. 

This field was very colorful in that it had 
many high-potential wells with large volumes 
of sand; several wild wells have been on fire; 
many wells have cut off their Christmas tree 
connections; difficulties have been encountered 
in controlling the flows from these wells and 
pumping oil from them, owing to the high 
sand content of the oil. This field has also 
promoted development of many new types of 
pumps, as well as improved beam pumps, to 
produce this oil from 6500 feet. 

The groundwork for this paper by Dr. Katz 
was laid by the Oklahoma City Wilcox Second- 
ary Recovery Association, which collected 
information on gas volumes, oil volumes, sand 
tops and sand bases, reservoir pressures, core 
and core analyses, connate-water content, fluid 
levels, water production, gas-injection pro- 
grams, and many other phases of operation. As 
pointed out by Dr. Katz, even after all this 
information had been compiled, estimates of 
future primary production have been very 
unreliable in Oklahoma City. 

Dr. Katz has discussed fluid levels in this 
paper, which indicates that zonal segregation 
between evolved gas, oil and water in this pool 
have been very definite. The experiment con- 
ducted by Dr. Katz on gravitational segrega- 
tion of oil and evolved gases proved definitely 
that a few degrees variance in temperature 
on this setup would materially affect the rate 
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of gravity drainage. From the data compiled 
from this experiment, he has concluded that 
natural gravity drainage has reduced the 
saturation in the gas cap to something like 
20 per cent of the pore space, and in some cases 
as low as 1 per cent. The operators have tested 
this theory in the field by drilling some 50 new 
wells on the low side of the structure and 
getting some very good wells. 

In conducting the wettability experiments 
with Wilcox sand, and many other sands 


from over the state, Dr. Katz probably found 
the one vital fact that changed the operators’ 
opinion from water-flooding to gas-recycle or 
gravity-drainage programs. From this report, 
Dr. Katz has shown definitely that if it were 
legally possible to unitize and operate a unit in 
Oklahoma City, gas-injection or gas-recycle 
programs combined with gravitational segre- 
gation would earn the companies many more 
millions of dollars from this reservoir than can 
be gained by competitive operations. 


The Electrical Resistivity Log as an Aid in Determining Some 
Reservoir Characteristics 


By G. E. Arcure* 


(Dallas Meeting, October 1941) 


TuE usefulness of the electrical resistivity log 
in determining reservoir characteristics is 
governed largely by: (1) the accuracy with 
which the true resistivity of the formation can 


be determined; (2) the scope of detailed data . 


concerning the relation of resistivity measure- 
ments to formation characteristics; (3) the 
available information concerning the conduc- 
tivity of connate or formation waters; (4) the 
extent of geologic knowledge regarding proba- 
ble changes in facies within given horizons, both 
vertically and laterally, particularly in relation 
to the resultant effect on the electrical proper- 
ties of the reservoir. Simple examples are given 
in the following pages to illustrate the use of 
resistivity logs in the solution of some problems 
dealing with oil and gas reservoirs. From the 
available information, it is apparent that much 
care must be exercised in applying to more 
complicated cases the methods suggested. It 
should be remembered that the equations given 
are not precise and represent only approximate 
_ relationships. It is believed, however, that 
under favorable conditions their application 
falls within useful limits of accuracy. 


INTRODUCTION 


The electrical log has been used exten- 
sively in a qualitative way to correlate 


formations penetrated by the drill in the ~ 


exploitation of oil and gas reservoirs and 
to provide some indication of reservoir 
content. However, its use in a quantitative 
way has been limited because of various 
factors that tend to obscure the significance 
of the electrical readings obtained. Some 
of these factors are the borehole size, 
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the resistivity of the mud in the borehole, 
the effect of invasion of the mud filtrate 
into the formation, the relation of the 
recorded thickness of beds to electrode 
spacing, the heterogeneity of geologic 
formations, the salinity or conductivity 
of connate water, and, perhaps of greatest 
importance, the lack of data indicating the 
relationship of the resistivity of a formation 
in situ to its character and fluid content. 
On the Gulf Coast it is found that the 
effects of the size of the borehole and the 
mud resistivity are generally of little 
importance, except when dealing with 
high formational resistivities or extremely 
low mud resistivities. Fortunately, little — 
practical significance need be attached to 
the exact values of the higher resistivities 
recorded. Low mud resistivities are not 
common, but when this condition is 
encountered it may be corrected by 
replacing the mud column. With the 
present advanced knowledge of mud 
control, invasion of mud filtrate into 
sands can be minimized, thereby increasing 
the dependability of the electrical log. 
The effect of electrode spacing on the 
recorded thickness of a bed is often subject 
to compensation or can be sufficiently 
accounted for to provide an acceptable 
approximation of the true resistivity of 
the formation. As development of a field 
or area progressively enhances the knowl- 
edge of the lithologic section, the resistivity 
values of the electrical log take on greater — 
significance, ultimately affording accept- 
able interpretations. The salinity, and 
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therefore the conductivity, of the connate 
water associated with the various produc- 
ing horizons may be determined with 
sufficient accuracy by the usual sampling 
procedure. 

Determination of the significance of 
the resistivity of a producing formation 
as recorded by the electrical log appears, 
for the present at least, to rest largely 
with the application of empirical relation- 
ships established in the laboratory between 
certain of the physical properties of a 
reservoir rock and what may be termed 
a formation factor. It should be stressed 
at this point that numerous detailed 
laboratory studies of the physical proper- 
ties of the formations in relation to the 
electrical measurements in question are 
essential to a reliable solution of the 
problems dealing with reservoir content. 
The purpose of this paper is to present 
some of these laboratory data and to 
suggest their application to quantitative 
studies of the electrical log. It is not in- 
tended to attempt to discuss individual 
resistivity curves and their application. 
The disturbing factors (borehole, bed 
thickness, and invasion) are discussed 
briefly only to indicate instances when 
they are not likely to affect the usefulness 
of the observed resistivity. 


RESISTIVITY OF SANDS WHEN PorRES ARE 
ENTIRELY FILLED WITH BRINE 


A study of the resistivity of formations 
when all the pores are filled with water 
is of basic importance in the detection of 
oil or gas by the use of an electrical log. 
Unless this value is known, the added 
resistivity due to oil or gas in a formation 
cannot be determined. 

- The resistivities of a large number of 
brine-saturated cores from various sand 
formations were determined in the labora- 
tory; the porosity of the samples ranged 
from 10 to 4o per cent. The salinity of the 
electrolyte filling the pores ranged from 
20,000 to 100,000 milligrams of NaCl 


per liter. The following simple relation 
was found to exist for that range of 
porosities and salinities: 


R, = FRy [x] 


where R, = resistivity of the sand when 
all the pores were filled with brine, Rw = 
resistivity of the brine, and F = a “for- 
mation resistivity factor.” 

In Figs. 1 and 2, F is plotted against 
the permeabilities and porosities, respec- 
tively, of the samples investigated. The 
data presented in Fig. 1 were obtained 
from consolidated sandstone cores in 
which the cementing medium consisted 
of various amounts of calcareous as well 
as siliceous materials. The cores had 
essentially the same permeability, parallel 
to and perpendicular to the bedding of 
the layers. All of the cores were from 
producing zones in the Gulf Coast region. 
Cores from the following fields were used: 
Southeast Premont, Tom Graham, Big 
Dome-Hardin, Magnet-Withers, and Sheri- 
dan, Texas; also La Pice, and Happytown, 
La. Fig. 2 presents similar data obtained 
from cores of a widely different sandstone; 
that is, one that had extremely low per- 
meability values compared with those 
shown in Fig. 1 for corresponding porosities. 
These cores were from the Nacatoch 
sand in the Bellevue area, Louisiana. 

From Figs. 1 and 2 it appears that the 
formation resistivity factor F is a function 
of the type and character of the formation, 
and varies, among other properties, with 
the porosity and permeability of the reser- 
voir rock; many points depart from the 
average line shown, which represents a 
reasonable relationship. Therefore, indi- 
vidual determinations from any particular 
core sample may deviate considerably 
from the average. This is particularly 
true for the indicated relationship to 
permeability. Further, although the varia- 
tion of F with porosity for the two groups 
of data taken from sands of widely different 
character is quite consistent, the effect 
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of variations in permeability on this 
factor is not so evident. Naturally the 
two relationships could not be held to 
apply with equal rigor because of the well 


ity. Thus, knowing the porosity of the 
sand in question, a fair estimate may be 
made of the proper value to be assigned 
to F, based upon the indicated empirical 


Formation resistivity factor 
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Fic. 1.—RELATION OF POROSITY AND PERMEABILITY TO FORMATION RESISTIVI1Y FACTOR FOR CON- 
SOLIDATED SANDSTONE CORES OF THE GULF Coast. 
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established fact that permeability does not 
bear the same relation to porosity in all 
sands. From close inspection of these data, 
and at the present stage of the investiga- 
tion, it would appear reasonably accurate to 
accept the indicated relationship between 
the formation resistivity factor and poros- 


100 
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Frc. 2.—RELATION OF POROSITY AND PERMEABILITY TO FORMATION RESISTIVITY FACTOR, NACATOCH 
SAND, BELLEVUE, LA. 


Permeabilities below o.1 millidarcy not recorded. 


relationship 
F=6-™ [2] 
or from Eq. 1, 
R, = Ruf-™ [3] 


where 6 is the porosity fraction of the 
sand and m is the slope of the line represent- 
ing the relationship under discussion. 


G. E. ARCHIE . 57 


From a study of many groups of data, m 
has been found to range between 1.8 
and 2.0 for consolidated sandstones. For 
clean unconsolidated sands packed in 
the laboratory, the value of m appears 
to be about 1.3. It may be expected, 
then, that the loosely or partly consolidated 
sands of the Gulf Coast might have a 
value of m anywhere between 1.3 and 2. 


RESISTIVITY OF FORMATIONS WHEN PoRES 

ARE ParTLY FILLED WITH BRINE, THE 

REMAINING Voips BEING FILLED WITH 
OIL or GAs 


Various investigators—Martin,! Jako- 
sky,? Wyckoff,* and Leverett*—have stud- 
ied the variation in the resistivity of sands 
due to the percentage of water contained 
in the pores. This was done by displacing 
varying amounts of conducting water 
from the water-saturated sand with non- 
conducting fluid. Fig. 3 shows the relation 
which the various investigators found to 
exist between S (fraction of the voids 
filled with water) and R (the resulting 
resistivity of the sand) plotted on loga- 
rithmic coordinates. For water saturations 
down to about o.15 or 0.20, the following 
approximate equation applies: 


eo (®) Neyo Bacay Al 


For clean unconsolidated sand and for 
consolidated sands, the value of » appears 
to be close to 2, so an approximate relation 
can be written: 


Ro 
S = Alp [s] 
or from Eq. 1, 


FRY 


Since in the laboratory extremely short 
intervals of time were allowed for the 
establishment of the equilibrium conditions 
compared with underground reservoirs, 
there is a possibility that the manner in 


1 References are at the end of the paper. 


which the oil or gas is distributed in the 
pores may be so different that these 
relations derived in the laboratory might 
not apply underground. 


Water saturation 


S 


10 
R Resistivity of oil or gas sand 


Ro Resistivity of same sand 100 per cent water-bearing 


Fic. 3.— RELATION OF S TO = 
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Legend and Data 


Salinity é 

: of Water, il | Porosity 

Curve ye ares Grams or Frac- 
8 NaCl per |Gas} tion 

Liter 

——| Wyckoff] Various CO2/Various 

——| Leverett | Uncons.| 8 approx. | Oil Jo. 40 

——-—| Martin | Cores I30 Oil jo.20 and 

; _ | .0-45(?) 
---—---| Jakosky | Friable | 29 approx. | Oil Jo. 23 


Considerable encouragement on _ this 
point is established, however. For example, 
Eq. 4 appears to hold even though gas or 
oil is the nonconducting phase. Each 
probably assumes a different distribution 
in the pores, yet the resulting resistivity 
is not appreciably changed. Also, no great 
change is found in the average relation 
between the formation resistivity factor 
and porosity for changes in types of con- 
solidated sandstones. This indicates that 
even though the oil or gas underground 
may fill the pore space in a different 
manner from that in the short-time 
laboratory experiments, the relationship 
expressed by Eq. 4 should apply equally 
well underground. 


Basic RESISTIVITY VALUES TO BE OBTAINED 
In EsTIMATING FLumD CONTENT OF A SAND 


The foregoing discussion indicates that 
the basic values to be obtained are: (1) the 
resistivity of the sand in question under- 
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ground (R), and (2) the resistivity of the 
same sand when its pores are entirely 
filled with connate water (R.). 

The first value can be obtained from the 
electrical log when all factors can be 
properly weighed. The latter may also be 
obtained from the log when a log is avail- 
able on the same horizon where it is entirely 
water-bearing. Of course, this is true only 
when the sand conditions, particularly por- 
osity, are the same as at the point in ques- 
tion and when the salinity of the connate 
or formation water throughout the horizon 
is the same. 

In a water-drive reservoir, or any 
reservoir where the connate water is in 
direct contact with the bottom or edge 
water, there should be no appreciable 
difference in the salinities through the 
horizon, at least within the limits set forth 
for the operation of Eqs. 1 and 4; that is, 
when the salinity of the connate water 
is over 20,000 mg. NaCl per liter and the 
connate water is over o.15. In depletion- 
type reservoirs, or when connate water 
is not in direct contact with bottom or 
edge water, special means may have to 
be devised to ascertain the salinity of the 
connate water. 

When it is not possible to obtain R, 
in the manner described above, the value 
can be approximated from Eq. 3, @ and m 
having been determined by core analyses 
and R, by regular analyses. 


CALCULATION OF CONNATE WATER, POROS- 
ITY AND SALINITY OF FORMATION WATER 
FROM THE ELectrricaLt Loc 


The resistivity scale used by the electrical 
logging companies is calculated assuming 
the electrodes to be points in a homo- 
geneous bed.® Therefore, the values re- 
corded must be corrected for the presence 
of the borehole, thickness of the layers 
in relation to the electrode spacing, and 
any other condition different from the 
ideal assumptions used in calculating the 
scale. 


Consider a borehole penetrating a 
large homogeneous layer, in which case 
the electrode spacing is small in comparison 
with the thickness of the layer. If the 
resistivity of the mud in the hole is the 
same as the resistivity of the layer, there 
will be, of course, no correction for the 
effect of the borehole, If the resistivity 
of the mud differs from the resistivity of 
the layer, there will be a correction. 
Table 1 shows approximately how the 
presence of the borehole changes the 
observed resistivity for various conditions. 
The third curve, or long normal, of the 


‘Gulf Coast is considered because this 


arrangement of electrodes gives very 
nearly a symmetrical picture on passing 
a resistive layer and has sufficient pene- 
tration in most instances to be little 
affected by invasion when the filtrate 
properties of the mud are suitable. 


TABLE 1.—Effect of Borehole on Infinitely 
Large Homogeneous Formation 


serve 


esistivity on Electric Log 


In an 8-in. In a I5-in. 

Borehole Borehole 
True Resistivity of Resistivity of 
Resistivity Mud in Hole Mud in Hole 


of Formation, 


t B -h 
Meter-ohms (a to 


Temperature) of 


(at Bottom-hole 
Temperature) of 


0.5 £5 oO. 1.5 
Meter- | Meter- | Meter- | Meter- 
ohms ohms ohms ohms 
0.5 0.5 0.5 0.5 0.5 
I I I I I 
5 6 5 5 5 
10 12 II II II 
50 65 65 50 55 


The values in Table 1 have been cal- 
culated assuming a point potential “pick- 
up” electrode 3 ft. away from a point 
source of current, other electrodes assumed 
to be at infinity, and it has been found 
that the table checks reasonably well 
with field observations. Checks were 
made by: (1) measuring the resistivity of 
shale and other cores whose fluid content 
does not change during the coring operation 
and extraction from the well; (2) measuring 
the resistivity of porous cores from water- 
bearing formations after these cores were 
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resaturated with the original formation 
water. Adjustment due to temperature 
difference, of course, is necessary before 
the laboratory measurement is compared 
with the field measurement. 


TABLE 2.—Effect of Formation Thickness, 
No Borehole Present 


True Resistivity Observed Resistivity 


Layer between Large 
Shale Bodies Having 
Resistivity of 1.0 


Thickness of Layer 


eter-ohms 24 Bie | 6. t |) Sete 
I I Bs E 

5 5 5 3 

10 10 9 6 
20 20 19 cs 


The correction at the higher resistivities 
appears to be appreciable. However, 
in the Gulf Coast when the value of R, 
is low the correction is not so important. 
For example, assume a friable oil sand 
whose true resistivity is 50 meter-ohms 
and whose resistivity when entirely water- 
bearing is 0.50 meter-ohms; the connate 
water would occupy about o.10 of the 
pore volume (Eq. 5). However, if the 
observed value on the log, 65 meter- 
ohms, were used without correcting for 
the borehole, the connate water would be 
calculated to occupy o.o9 of the pore 
volume. Therefore, although the effect 
of the borehole size and mud resistivity 
on the observed resistivity readings may 
be appreciable, the resultant effect on 
the calculated connate-water content of 
the sand is not important. 

When the thickness of the formation 
is very large in comparison with the 
electrode spacing, there will, of course, be 
no correction to make for the thickness 
of the layer. However, when the thickness 
of the formation approaches the electrode 
spacing, the observed resistivity may be 
very different from the true value. Table 2 
shows approximately what the third curve 
(long normal) of the Gulf Coast would 
read for certain bed thicknesses and resis- 


tivities. It is assumed that large shale bodies 
are present above and below the beds, at 
the same time neglecting the presence of 
the borehole and again assuming point 
electrodes. 


Resistivity, meter-ohms 
z 


Se/f-potential 
~ +40 ke + 
my. 


Normail curve ~ 


Long normal ._ 
curve 


Fic. 4.—ELECTRICAL LOG OF AN EAsT TEXAS 
WELL. 
Diameter of hole, 7% in.; mud resistivity, 
3-4 at 85°r.; bottom-hole temperature, approxi- 
mately 135°r. 


Tables 1 and 2 assume ideal conditions, 
so if the sand is not uniform, or if invasion 
affects the third curve, the observed re- 
sistivity values may deviate farther from 
the true value. The magnitude of the 
influencing factors, of course, will limit the 
usefulness of the observed resistivity value 
recorded on the log. Invasion of the mud 
filtrate is probably the most serious factor; 
however, as previously mentioned, it can 
often be controlled by conditioning the 
mud flush for low filtrate loss. 

Fig. 4 shows a log of an East Texas well. 
The observed resistivity on the long normal 
curve for the interval 3530 to 3560 ft. is 
62 meter-ohms, or, from Table 1, approxi- 
mately 50 meter-ohms after correcting for 
the borehole. In this instance the mud 
resistivity at the bottom-hole temperature 
of 135°F. is approximately 2.2 meter-ohms. 
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The interval is thick enough so that there 
should be no appreciable effect due to 
electrode spacing. The formation is more or 
less a clean friable sandstone, so Eq. 5 can 


Resistivity, 
, meter - ohms 
Self-potential 0 5 10 
4040 
——>| 25 K+ 
; 3rd curve} 
4060 
4080 
4100 
i] 
| Amplified 
“3rd curve 
: 4120 


Fic. 5.—ELECTRICAL LOG OF A SAND IN EAstT 
WHITE POINT FIELD, TEXAS. 

Diameter of hole, 77% in.; mud resistivity, 

1.7 at 80°F.; bottom-hole temperature, 138°F. 


be used to approximate the connate-water 
content. The formation resistivity factor 
for this sand is approximately 15, using 
Eq. 2 where @ = 0.25 and m = 1.8. The 
resistivity of the formation water by actual 
measurement is 0.075 meter-ohms at a 
bottom-hole temperature of 135°F. There- 
fore, from Eq. 1, R. for this sand is 
I5 X 0.075 = 1.1 meter-ohms. This value 
checks reasonably well with the value 
recorded at 3623 to 3638 ft. on this log as 
well as on the many logs from this pool 
where the Woodbine sand is water-bearing; 
i.e., 0.9 to 1.5 meter-ohms. The close check 
obtained between the calculated and re- 
corded resistivity of the water sand indi- 
cates that invasion is not seriously affecting 
the third curve. Solving Eq. 5, the connate 
water of the zone 3530 to 3560 ft. occupies 


approximately Nea =o0.15 of the pore 


volume. The accepted value assigned for 
the connate-water content of the East 
Texas reservoir is 17 per cent. 

An electrical log of a sand in the East 
White Point field, Texas, is shown in Fig. 5. 
The observed resistivity at 4075 ft. is 


approximately 5 meter-ohms. The value of — 


F for this sand by laboratory determination 
is 6. The sand is loosely consolidated, hav- 
ing 32 per cent porosity average. The 
resistivity of the formation water by direct 
measurement is 0.063 meter-ohms at the 
bottom-hole temperature of 138°F. There- 
fore, Ro = 6 X 0.063 or 0.38 meter-ohms. 
This checks well with the value obtained 
by the electrical log between the depths of 
4100 and 4120 ft., which is 0.40 (see 
amplified third curve). Therefore, invasion 
probably is not seriously affecting the 
third curve. From Tables 1 and 2 it appears 
that the borehole and electrode spacing do 
not seriously affect the observed resistivity 
at 4075 ft. The connate water is approxi- 


mately J ee 


Other uses of the empirical relations may 
have occurred to the reader. One would be 
the possibility of approximating the maxi- 
mum resistivity that the invaded zone 
could reach (when formation water has a 
greater salinity than borehole mud) by 
Eq. 1, where Ry would now be the resistiv- 
ity of the mud filtrate at the temperature of 
the formation and F the resistivity factor 
of the formation near the borehole. By 
knowing the maximum value of resistivity 
that the invaded zone could reach, the 
limits of usefulness of the log could be 
better judged. For example, assume that a 
porous sand having an F factor of less than 
15 was under consideration. If the mud 
filtrate resistivity were o.5 meter-ohms, the 
resistivity of the invaded zone, if com- 
pletely flushed, would be 15 X 0.5 = 7.5. 
Thus the observed resistivity values of this 
sand up to approximately 7.5 meter-ohms 
could be due to invasion. 
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DISCUSSION 
(H. F. Beardmore presiding) 


S. W. Witcox,* Tulsa, Okla—This paper 
recalls some of my own observations on the 
correlation of the electrical resistance of earth 
materials with their other physical properties. 
While Geophysical Engineer for the Depart- 
ment of Highways, of the State of Minnesota, 
from 1933 until 1936, I was primarily engaged 
in conducting earth-resistivity surveys pros- 
pecting for and exploring sand and gravel 
deposits. This work was done by two field 
parties using equipment of the Gish-Rooney 
type, and was carried out in every part of the 
state, both winter and summer. 

In brief, when a sand or gravel prospect was 
discovered, in any way, it was detailed by the 
resistivity survey to outline its extent and to 
locate test holes for field and laboratory sample 
analysis. This survey consisted of a grid of 


“steptraverses” of one or more electrode 


separations, and for each an “‘iso-ohm,” or 
equal resistance contour plan map, was drawn. 
Several thousand earth-resistivity readings 


were taken over more than one hundred 


prospects. In some instances the test pitting 


~ was started before the completion of electrical 


= sy 


survey and their findings were soon available 
for checking any suspected correlation theory 
and confirming what subsurface factors were 


being measured and how effectively. 


From accepted earth-resistivity theory, it 
follows that within a definite sphere surround- 


* Seismograph Service Corporation. 


61 


ing the electrodes the apparent resistance 
measurement is uniquely determined from the 
specific resistance and position of each and all 
of the particles making up the sphere. Any 
rational interpretation of these apparent resist- 
ance measurements is possible only for the 
simplest combinations of particles and their 
specific resistances. Fortunately, soils, sub- 
soils and subsurface rocks, with their embodied 
fluids and gases, vary greatly in this property 
among themselves. For example, clay appears 
to have an average specific resistance of 
approximately 50 to 150 foot-ohms, whereas 
for sand and gravel the specific resistance is 
roughly from 2000 to 5000 foot-ohms. The 
important feature is the great absolute differ- 
ences in resistance, consequently a resistance 
profile across a buried lens of sand or gravel sur- 
rounded by clay produces a striking response. 

In spite of the amount of control available 
and the freedom for selecting various electrode 
intervals, no reliable quantitative predictions 
could be made that were not related to bound- 
ary surfaces. The probable depth to the first 
discontinuity—namely, the clay-sand contact 
—could be determined fairly accurately if the 
thickness of the sand body was considerable. 
When the depth to the sand was known from 
independent data, or could be assumed to be 
constant, it was possible to predict its thick- 
ness. If both were known, a good guess might 
be made regarding the depth to the water 
table; and, in addition, if all these were known, 
a surmise could be made about the quality of 
the sand; i.e., whether it contained organic 
material or was weathered. Perhaps if the 
degrees of control were sufficient the porosity of 
the sand, its grain size, or even its temperature 
might be predicted. 

I observed that few of these variables, even 
the ones that generally contribute to the bulk 
of the readings, could be quantitatively 
separated without additional independent data; 
therefore my interpretation was necessarily 
empirical and based on experience. Fortun- 
ately, in sand and gravel prospecting the 
economically most important factors contribute 
their effects in the same direction. A high 
apparent resistance indicates either a thin body 
of highly resistant gravel near the surface, or a 
thicker one overlain with more clay stripping. 
Clean gravel is more resistant than weathered, 
and hard gravel more so than soft. 
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In practical terms, I found that an apparent 
resistance reading of soo foot-ohms for a 
20-ft. electrode separation recorded over 
ground or glacial moraines of southern Minne- 
sota reliably suggested a deposit of sand or 
gravel worth further investigation. As a matter 
of record, prospecting in the part of the state 
where these materials are very scarce, less than 
3 per cent of the test holes located on the 
geophysical information failed to yield granular 
materials of commercial quality and quantity 
for at least highway subgrade treatment. 
Varying the electrode interval gave additional 
confirmation as to the thickness of the deposit 
and very little else. 

In connection with our field work, we made 
extensive laboratory studies, attempting to 
work out the relation between the moisture 
content of sand and gravel and its specific 
resistance. These apparently simple experi- 
ments were not of much help in clearing up my 
field interpretations. Several variables were 
very hard to control in the laboratory. 

The analogy between this type of earth- 
resistivity mapping and electrologging is close. 
The first measures electrical impedance along a 
surface generally parallel to the bedding planes; 
the latter, up a borehole more or less perpen- 
dicular to them. The same general limitations 
and possibilities appear to be common to both 
methods. Obviously, controls for checking are 
easier to obtain for plan mapping than for 
well logging within the depth of effective 
penetration. 


My interpretation problems appeared to be 
essentially similar to those of electrical well 
logging where the operator, after observing 
the character of the resistance and the self- 
potential curves, tells his client whether pipe 
should be set. The accuracy of his prediction is 
based largely on experience and not on slide- 
rule calculations. 

Mr. Archie’s paper suggests an experimental 
attack for expanding and improving the 
interpretation technique of electrical well 
Jogging. Any contribution of this nature that 
increases its effectiveness is of great value to 
the petroleum industry. I offer my own experi- 
ences and observations to emphasize that he 
has tackled a difficult research problem and 
wish him luck. 


Dr. A. G. Loomts,* Emeryville, Calif—In 


‘the laboratory, we take into account the varia- 


tions in measured resistivities of sands and tap 
water by finding out the cause of the variations 
in resistivity. That is, if the tap water itself 
varied from day to day, its electrolyte content 


must vary from day to day and chemical ~ 


analysis would indicate the change. If sands 
did not give consistent resistivity readings, the 
character of the sands (in other words, the 
formation resistivity factor) probably changed 
or the kind and amount of water contained in 
the sand must have varied. 


* Shell Development Co. 
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Field Application of Core Analysis and Depth-pressure Methods 
to the Determination of Mean Effective Sand Permeability 


By N. van WINGEN,* Memper A.I.M_E. 


(Los Angeles Meeting, October 1941) 


EFFECTIVE sand permeabilities can be ascer- 
tained from core analysis if the laboratory 
data are compensated to allow for the presence 
of connate or residual water. Such adjustments 
can be made by applying empirically derived 
correction factors. 

Effective sand permeabilities can be esti- 
mated also from analytical studies of field 
depth-pressure measurements. In one method 
the time rate of pressure build-up after a well 
is shut in from steady-state flow is required, 
and in the other the direct measurement of a 
steady-state rate of flow and the corresponding 
equilibrium pressure. 

The results of the investigation discussed 
in this paper demonstrate that these methods 
for determining mean effective sand permea- 
bilities can be correlated. 


INTRODUCTION 


In recent years many investigators have 
demonstrated the practical value of an 
accurate knowledge of the physical and 


_ dynamical characteristics of reservoir sands 
_ containing oiland gas. Of thesefactors, which 
serve to completely define a porous medium 


as a container or carrier of fluids, the 


_ dynamical characteristics are of particular 


interest to the production engineer because 
they afford a direct measure of the rate at 


which the oil or gas content of a reservoir 


will become available. The constant that 


‘defines dynamically the porous medium as 


the carrier of a homogeneous fluid in vis- 


cous motion is the “permeability.” 


Manuscript received at the office of the Institute 
Nov. 3, 1941. Issued as T.P. 1464 in PETROLEUM 


_ TECHNOLOGY, March 1942. 
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* Production Engineer, Richfield Oil Corporation, 
Taft, California. 


CORE-ANALYSIS METHOD 


The generally accepted practice in com- 
piling permeability data has been to 
analyze in the laboratory core samples 
taken in the course of drilling through the 
productive horizon, and to obtain the mean 
measure of the productive ability or perme- 
ability for the interval open to production 
by graphical integration of the permea- 
bility profile. 

An average permeability ascertained in 
this manner, however, is useful to the 
production engineer only for comparisons 
of wells drilled in the same horizon, as 
permeabilities determined in the laboratory 
are measures of only the ability of a porous 
medium to transmit a single fluid. As a 
result of many investigations, it has been 
shown, however, that under actual reservoir 
conditions water is coexistent with the 
petroleum and that its presence greatly 
reduces the permeability of the sand to oil. 
Empirical relationships showing the effect 
of the presence of any immiscible fluid A 
(such as water) in a porous medium on 
the permeability of the medium to a fluid B 
(such as oil) have been established sepa- 
rately by MHassler,! Dunlap,? and the 
writer (Fig. r),* so that the average specific 
or dry-core permeability as determined in 
the laboratory can be corrected to give the 
true measure of the ability of the horizon 
penetrated to transmit oil, provided the 
percentage of pore space occupied by con- 
nate water is known accurately. 


1 References are at the end of the paper. 
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DEPTH-PRESSURE METHODS 


Another manner in which mean effective 
sand permeabilities can be obtained is 
by means of an analytical study of field 
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WATER SATURATION, PERCENT OF PORE SPACE 
Fic. 1.—InFLUENCE OF WATER SATURATION ON 
PERMEABILITY OF SANDS TO OIL, 

From paper by N. van Wingen.? 
depth-pressure measurements. Permeabil- 
ities determined from actual reservoir data 
inherently reflect the obstructional effect 
of the connate water, so that the results 
of such an analysis will give directly the 
mean effective permeability. Actually, as 
the basic pressure measurements are taken 
within the well bore, resistances to flow 
caused by the liner and sand face will be 
included also, but the latter effects can 
generally be considered small compared 
with the sand resistance in properly com- 

pleted producers. 

As any study pertaining to the flow of 
fluids into an actual well involves either a 
two-dimensional or three-dimensional flow 
system, the simple statement of Darcy’s 
law, which is used when permeabilities are 
calculated from the one-dimensional labora- 
tory tests, must be generalized to be 
applicable to the more complex flow prob- 
lem.‘ Such a general statement of Darcy’s 
principle becomes in effect an empirically 
derived macroscopic equivalent of the 
Stokes-Navier equation of classical hydro- 
dynamics. As Darcy’s law strictly applies 
only to the wholly viscous flow of homo- 
geneous or single-phase fluids, a restriction 


to application may be imposed by the 
phase behavior of the reservoir fluid. 

Provided the limitation in regard to the 
phase behavior of the reservoir fluid can 
be satisfied, however, Muskat® has shown 
that 


Q = CAP [1] 


in which Q = volumetric rate of fluid entry 
into the well, 
C = well characteristic, 
AP = pressure differential inducing 
flow. 

The well characteristic is a constant for 
any given system and is a function of the 
dimensions of the system and the properties 
of the sand and fluid. 

A simple flow system, yet one that is 
representative of many actual field con- 
ditions, is that in which the flow is of a two- 
dimensional character, as in a radial flow 
system. Often flow into a well may be 
assumed to be radial if the productive 
horizon is completely penetrated, and 
Muskat® has shown that for such a system 


= 27Kh/p log, = [2] 


in which K = mean effective permeability, 
h = sand thickness, 

absolute fluid viscosity, 
r, = drainage radius, 
1» = well-bore radius. 

Field measurements to determine Q and 
AP in Eq. 1 in order to obtain the value 
of C may be taken in two different ways. 
One method, as proposed by Muskat,5 
requires that several depth-pressure meas- 
urements be made, to establish the time- 
rate of pressure build-up as a well is shut 
in from a steady-state condition of single 
liquid-phase flow. The latter limitation is 
imposed not only because it is a prerequisite 
for a strict application of Darcy’s law, but 
also because the analytical treatment to 
follow will not strictly apply to cases in 
which free gas is present, because of the 
variation in the effective permeability of 
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the sand as the gas is compressed by the 
increase in pressure. 

The most practical analytical presenta- 
tion of the phenomenon of pressure rise is 
obtained when it is assumed that the shut- 
ting in process will be one in which the fluid 
head simply rises from its initial flowing 
value until equilibrium is reached and that 
the back pressure upon the sand will at all 
times be a function of this fluid rise, or 


OH 
Q=A> =f) 


For these conditions it can be shown that 


= IP 


Ti 
VogCt/A = log. 5 — p, [3] 


in which y, = density of fluid, 
g = acceleration of gravity, 
C = well characteristic as shown 
by Eq. 2, 
t = time after shut in, in sec- 
onds, 
A = effective cross-sectional area 
of the well bore, 
P, = reservoir pressure, 
P; = initial steady-state flowing 


pressure, 
p = pressure at any instant f. 
For simplicity of use, Eq. 3 can be written 
in the form: 


= e~ Bt 


CF. [4] 


in which 


B = atKhyog/pA loge [5] 


Ve 
rw 

If for any particular set of well data a 
plot of Eq. 4 on semilogarithmic paper is a 
straight line, thus confirming the assump- 
tion of “dead” liquid flow upon which 


‘the derivation is based, the slope of this 
curve will then give the constant B and 


hence a means of determining the mean 
effective sand permeability K. 

The other method, proposed by Wyckoff 
and co-workers,® involves the direct meas- 
urement of a steady-state rate of flow, Q, 
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and the corresponding equilibrium pres- 
sure, P,, at the sand face. In this event 
the fundamental Eq. 1 can be written as: 


Q = CP. — Pw) [6] 


This equation thus affords an easy means 
of determining the value of the well charac- 
teristic C directly from simple field meas- 
urements, and in turn the mean effective 
sand permeability by suitable substitution 
in Eq. 2.7 

If the various elements in Eq. 6 are 
expressed in terms of the conventional field 
engineering units, barrels per day and 
pounds per square inch, the well-character- 
istic constant will be numerically equal to 
the well-known field measure of productive 
ability, the productivity index.® 

This second method thus affords a means 
of obtaining mean effective permeability 
data directly from productivity indices, 
and thus makes these data easily available 
for wells that were not cored, provided well 
and reservoir characteristics are such that 
the essential premises upon which the 
treatment is based are satisfied. 

The foregoing discussion indicates. that 
the analytical treatment for obtaining 
mean effective sand permeabilities from 
basic field depth-pressure measurements 
is not complicated. Some difficulty is 
experienced, however, in keeping actual 
quantitative work in terms of consistent 
dimensional units, because of the variety 
of ways in which the various component 
factors commonly are measured. Foremost 
among these is the unit denoting permea- 
bility. From a consideration of the theory 
of dimensions,® it can be shown that the 
dimensions of permeability are those of an 
area. Hence, for a systematic analysis by 
a gravitation feet-pounds-seconds or c.g.s. 
system the permeability will be obtained 
in terms of either square feet or square 
centimeters, respectively, instead of the 
more commonly used Darcy unit. The 
Darcy unit requires that pressures be 
expressed in terms of atmospheres, while 
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the other elements would follow the metric 
system. This divergence from a consistent 
system of measurements was deliberately 
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chosen for the sake of obtaining convenient 
numerical values for the permeabilities of 
naturally occurring porous media. 

Consistent units of permeability can 
readily be converted to millidarcys, how- 
ever, by the application of the following 
conversion factors: 


Ft.2 X 9.416 X 10!’ = millidarcys 
Cm.2 X 1.013 X 10° = millidarcys 


Other elements. whose units require de- 
tailed attention are the viscosity, which 
for this treatment is the absolute viscosity 
or lb.-sec. per sq. ft. for the engineering or 
centipoise units for the metric system of 
measurement, and the density, which is 
to be expressed as slug or metric mass units 
per unit volume. 


FreL_p APPLICATION 


The foregoing pages outline briefly three 
methods for determining mean a 
sand permeabilities. For the purpose of 
comparing numerical results obtained by® 
these respective procedures, the methods — | 
were applied to two wells in a San Joaquin ; 
Valley deep field in Kern County, Cali- 
fornia. The wells were selected for com-— 
pleteness of core-analysis data and degree — 
of zonal penetration in a field for which © 
phase-behavior data had shown that the 
reservoir liquid was undersaturated at the 
lowest flowing subsurface pressures encoun- 
tered in the field tests, thus meeting the 
essential requirements for the applicability 
of the methods. 

An example of basic data on pressure 
build-up is shown for one of the wells in 
Fig. 2. From such rate of pressure increase, 
productivity index, and core-analysis data 
the actual mean effective sand-permea- 
bility values of Table 1 were obtained. 

The satisfactory relative agreements 
indicated for the results as obtained by the 
various methods would seem to offer valid 
proof that even the most simplified analyt- 
ical treatment of a reservoir problem can 
lead to results of commensurate accuracy, 
provided the field application is confined 
to areas that meet at least the essential 
premises upon which such treatment is 
based. 
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TABLE 1.—Actual Mean Effective Sand- 
permeability Values 
MILLIDARCYS 


Mean Effective Permeability Well A | Well B 


Estimated from _ core-analysis 
data corrected for effect of con- 


nate water (method I),....... 3.20 5.25 
Based on rate of pressure build- 

wp (method TD) 3 <a. e anaes 2.04 Sura 
Based on productivity index 

(methodsEll) tsdsenmiacinta sien 2.18 3-92 


The adaptability and soundness of an 
analytical approach to a problem as 
inherently complex as that involving the 
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movement of fluids through the porous 
media of actual oil or gas reservoirs is thus 
demonstrated. 
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Core Analysis—an Aid to Increasing the Recovery of Oil 


By James A. Lewis,* Mremper A.I.M.E. 


(Los Angeles Meeting, October 1940) 


It is the purpose of this paper to show the 
importance of sand characteristics, when com- 
bined with other physical data, in evaluating 
production obtained by secondary recovery 
operations, and to indicate the benefits to be 
gained from the application of these principles 
to primary production. 


INTRODUCTION 


During the past 10 years there has been 
a growing interest within the industry 
regarding the movement of fluids through 
oil reservoirs. A number of research proj- 
ects have been directed toward the devel- 
opment of the physical laws governing 
this movement. In the period 1933 to the 
present, correlations between laboratory 
analysis of cores, reservoir fluids and well 
performance have been established and 
have been applied to successful secondary 
water-flooding recovery operations; and to 
the completion, production, reconditioning 
and evaluation of wells in new fields. 

The application of these data to water- 
flooding, either natural or artificial, is 
comparatively new, but the principles 
involved were set forth in 1880 by John F. 
Carll,! who said: 


The flooding of an oil district is generally 
viewed as a great calamity, yet it may be ques- 
tioned whether a larger amount of oil cannot 
be drawn from the rocks in that way than by 
any other, for it is certain that all the oil can- 
not be drawn from the reservoir without admis- 
sion of something to take its place. 


Manuscript received at the office of the Institute 
Oct. 21, 1940; revised Sept. 3, 19 Issued as T.P. 
1487 in ‘PETROLEUM TECHNOLOGY, ay 942. 

* Vice-President, Core Taberwiereas ioe. -» Dallas, 
Texas. 

1 References are at the end of the paper. 
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If one company owned all of the wells draw- 
ing upon a pool, and had accurate records of 
the depth and characteristics of the oil pro- 
ducing stratum in each well, it is quite possible 
that some system might be devised by which 
water could be let down through certain shafts, © 
and thus the rocks be completely voided of oil 
and left full of water. As it is, however, no 
systematized plan of action can be adopted. 
The careless handling of one well, by which 
water is let down to the oil rock, may spoil — 
several others belonging to different parties. A 
clashing of interests at once arises and is likely | 
to result in disaster to the whole district. 

In judging of the probable effects of the intro- 
duction of water into any particular oil district 
several things are to be considered. 

(1st) The time of flooding—whether early in 
the progress of development, while yet a large 
percentage of oil remains unexhausted or at a 
later period after the supply has suffered from 
long continued depletion. (2nd) The structure 
of the rock—whether regular and homogeneous 
throughout, or composed of fine sand inter- 
bedding connected and irregular layers of 
gravel, sometimes lying near the top and at 
others near the bottom. (3rd) The shape of the 
area being flooded. (4th) The position of the 
point at which water is admitted, in relation to 
the location of the surrounding wells still pump- 
ing oil. (sth) The height (which governs the 
pressure) of the column of water obtaining 
admittance. (6th) The duration of the water 
supply. 


Although we may take exception to part 
of Carll’s reasoning, particularly ‘and thus 
the rocks be completely voided of oil and 
left full of water,” we must give him credit 
for pointing out the increased effectiveness 
of water encroachment in displacing oil 
from a sand and for his recording six of the 
present seven considerations necessary for 
evaluation of production of oil by water 
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drive. The seventh covers the reservoir fluid 
characteristics and their distribution. 

Carll’s contributions to the industry 
during the first few years of its life laid 
the foundation for our present petroleum 
engineering work. We have been negligent 
in recognizing his statement of principles 
and also in applying them. 


CORRELATION OF SAND AND 
PRODUCING CHARACTERISTICS 


(Secondary Recovery Operations) 


The production of gas, oil and water 

from a well takes place only after flow of 
these fluids through permeable reservoir 
formations. The analysis of cores has 
developed to a point where it is possible 
through accurate and complete analysis 
of contaminated or uncontaminated cores, 
for permeability, porosity, oil and water 
content and combination of these data, to 
predict with a high degree of accuracy the 
type of fluid production that will result by 
exposing a given cored interval to a pres- 
sure lower than that present in the forma- 
tion. Having obtained oil production, the 
problem resolves itself into one of evaluat- 
ing the formation in terms of rate and 
ultimate production of oil. The following 
discussion presupposes that the formation 
is oil productive and that accepted core- 
analysis methods?~* were combined with 
connate water>~’ and residual oil satura- 
tion data® in computations for recovery. 
These determinations were correlated in 
accordance with principles published by 
Muskat and Wyckoff?:1° and were found 
to be applicable in the water-flooding area 
of Bradford, Pennsylvania. 

By 10934 it was proved to the satisfac- 

tion of the writer that, within a given field, 
the permeability of the sand to a homo- 
geneous fluid and the thickness of perme- 
able sand were the significant variables to 
be evaluated in order that the rate of 
intake to a given well might be determined. 
Since the production of oil by water drive 


~— 


is accomplished primarily through the 
displacement of the oil by an equivalent 
volume of water, permeability carried even 
greater significance, for it indicated the 
appropriate spacing program and oil re- 
covery that would be obtained within a 
given time for preassigned economic 
conditions. In addition, the distribution 
and variation of permeability values within 
each sand section, combined with viscosity 
of the reservoir fluids, produced a workable 
basis for determining the limit of perme- 
ability values that would be flooded at the 
time the economic water-oil ratio was 
reached. 

Fig. 1 relates the practical applications 
of permeability to oil-production character- 
istics.* Coregraph 1 and curve 1, respec- 
tively, show a highly variable permeability 
profile and the resultant oil-production 
curve from a Bradford area under flood. 
In Coregraph 2 and curve 2 similar data 
are shown from an area that is typical of 
average permeability variations for Brad- 
ford sand. Coregraph 3 and curve 3 record 
the permeability profile and rate of intake 
to a low-permeability sand development. 
Confirming a preceding statement, it is 
apparent from the foregoing curves that 
with factors of recovery, feet of permeable 
sand, well spacing, injection pressure, and 
viscosity of reservoir fluids remaining con- 
stant, permeability isa most important vari- 
able in evaluating anticipated profit or loss 
from a given operation. This should not be 
construed, however, to mean that other 
physical data are not important; rather 
that within a given field the other factors 
can and should be evaluated and accounted 
for before the operating program for the 
area under consideration is outlined. Thus 
it becomes possible to anticipate the yield 
per five-spot or per acre at any given time 
and to know as well the sand thickness 
that has been depleted. Not one of these 


* The specific productive capacity in each area has 
been satisfactorily correlated in accordance with the 
positive displacement principle described later. 
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physical facts should be omitted in the 
evaluation. Accurate knowledge is essential 
to profitable operation and to the dis- 
closure of undesirable areas. 
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period was slightly lower than the value 
used in making the calculations and thus 
accounts for much of the difference 
between prediction and performance. The 


DISTRICT- MILLION BARRELS PER YEAR 


PRODUCTION INCREASE 1907 TO 1920 
ATTRIBUTED TO ACCIDENTAL FLOODS 


PRODUCTION INCREASE AFTER 1920 
RESULTED FROM APPLICATION OF 
SECONDARY WATER FLOODING 


CONTROLLED PATTERN WATER FLOOD 
DEVELOPMENT AFTER 1924-26 


T 


OIL PRODUCTI ON- BRADFORD PENNSYLVANIA 


1880 1890 1900 


YEARS 


1910 1930 1940 


Fic. 2.—OIL PRODUCTION, BRADFORD DISTRICT, PENNSYLVANIA, MILLION BARRELS PER YEAR. 
Production data through courtesy of Mr. R. M. Haskell and Mr. R. T. Zook. 


Rate of intake and rate of recovery have 
been calculated from core analyses for 
many different flood operations and, when 
compared with the actual values from 
operating records, have shown good agree- 
ment. A specific example is from the area 
represented by Coregraph 1 and curve 1 
of Fig. 1, wherein, quoting from the report 
dated June 25, 1936, of which this profile 
was a part: ‘‘A total recovery of 6740 bbl. 
of oil (per acre) is expected in 6.5 years, 
2150 of which will have been produced in 
one year’s time from the bottom sand 
Inspection of the production 
records from this development shows that 
during the year beginning July 1, 1936 (the 
date of starting water injection), 1940 bbl. 
of oil per acre had been recovered as 
compared with the indicated 2150. The 


actual injection pressure used during this 


al 


present rate of production indicates that 
for the conditions of pressure used in the 
operation, the ultimate yield as calculated 
will be obtained. 

The extent to which water-flooding has 
been applied in the 84,o00-acre Bradford 
field is evidenced by the production curve 
of Fig. 2. Systematic water-flooding came 
into prominence in 1928 and has continued 
to the present time. Higher injection 
pressures have been used in the more recent 
developments. 


MECHANICS OF WATER-DRIVE PRODUCTION 


The conclusion from these data is that 
the production of oil from an artificial 
water-drive operation, at economic rates 
of production, takes place by the mecha- 
nism of positive displacement of the oil 
saturation that is present in excess of the 
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final residual equilibrium oil saturation 
for the system, substantially in accordance 
with the permeability of the sand to homo- 
geneous fluid flow. Continued injection by 
maintenance of pressure, after water is 
produced from the more permeable strata, 
results in the displacement of oil from the 
less permeable zones (in agreement with 
the positive displacement principle), effect- 
ing recovery from sands of decreasing 
permeability until the ratio of water to oil 
production becomes uneconomical. In 
natural water-drive fields, it is indicated 
that a similar mechanism is operative. 


OBTAINING RESERVOIR CHARACTERISTICS 


Formation characteristics in Bradford, 
as well as in the Nowata area of northeast- 
ern Oklahoma, where artificial water- 
flooding has been initiated in more recent 
years, were obtained only by drilling new 
wells to obtain cores for analysis. The 
original development in these areas took 
place prior to the introduction of coring or 
core analysis. Similar history necessarily 
will need to be repeated as previously 
uncored territories are investigated. With 
more production coming from greater 
depths, the use of such a practice to obtain 
knowledge of the formation may not be 
justified in the future. This information 
should be obtained when wells are drilled, 
for then the results are of greatest applica- 
tion and value, and are obtainable at 
minimum expense. 

Cores from prospective secondary re- 
covery areas can be obtained without 
contamination by fluids extraneous to the 
formation, thus simplifying interpretation 
for the type and amount of probable pro- 
duction. It is now equally possible, as 
the result of recent work, to compute from 
core analyses the normal connate-water 
content of flushed cores from reservoirs 
under normal hydrostatic pressure to 
within 10 or 15 per cent deviation from 
values obtained from tracer or oil-base mud 
cores. These comparisons have been made 
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in sands ranging in permeability from 100 
to 2000 millidarcys. Thus, as a result of 
this work, accurate and complete analyses 
of rotary cores can be used as an aid in 
proper well completion, in determining the 


most profitable methods of utilizing the 


later recompletion of wells to reduce water- 


‘native energy inherent to the reservoir, in ~ 


production problems and in furnishing the © 


operator with a knowledge of “the struc- 


ture of the rock,” which is the first need — 


in any problem involving natural or second- 
ary recovery of oil from a permeable reser- 
voir formation. 


CORRELATION OF SAND AND PRODUCING 
CHARACTERISTICS 


(Primary Recovery) 


The five-spot and radial-flow equation®:1° 
relating sand, fluid and production char- 
acteristics have been verified time and 
again in the field for water-flooding net- 
works. Its application to flowing wells 
takes on an even broader scope since 
natural production from the reservoir is 
limited by the available energy at discovery 
or through complete or partial maintenance 
of this energy by natural forces acting in 
or upon the field. Based on the permeabil- 
ity of sand to a homogeneous medium, it is 
possible to compute, with knowledge of the 
reservoir-fluid characteristics, the produc- 
tivity index of any point or zone in a sand 
body. Within the same field where struc- 
tural changes have not caused measurable 
changes in the reservoir fluid, the varia- 
tions in productive capacity are indicated 
directly by the variations in permeability 
values. In several sand fields the measured 


and calculated productive indices compare __ 


as shown in Table r. 

The data of Table 1 possess greater 
significance than just an interesting com- 
parison of calculated and actual productiv- 
ity indices. Since permeability indicates 
productive capacity, it becomes possible 
to evaluate more accurately the economic 
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recovery to be obtained from a volumetric 
or effective water-drive reservoir. It gives 
a basis which in the future can be used to 
determine the range of production rates 
for potentially effective natural water-drive 
reservoirs, and at the same time a method 
to evaluate the degree to which water 
drive will be effective in stimulating 
recovery. 

An interpretation of the measured and 
calculated indices for the pumping wells 


TABLE 1.—Comparison of Measured and 
Calculated Productive Indices for Wells 
Producing from Sand 


Measured Calculated 
Line No. | Productivity | Productivity tel gael of 
Index+ Index Oe 
I I9.0 Tr .7 Flowing 
2 I5.4 Tae Flowing 
3 TI.0 10.4 Flowing 
4 6.3 5.5 Flowing 
5 6.0 O48 Flowing 
6 2 1.62 Flowing 
7 Be 7. fie 210) Flowing 
8 0.81 0.72° Pumping 
9 0.64 0.60¢ Pumping 
10 0.62 0.77° Pumping 
Fp a 0.52 0.45° Pumping 
ie) 0.28 0. 20° Pumping 
13 0.17 0.21¢ Pumping 
I4 0.12 0. 16¢ Pumping 
I5 0.043 0.050° Pumping 


¢« Barrels per day per pound drop in bottom-hole 
pressure. : 

> Calculated from core analysis and properties of 
reservoir fluids. ; 

¢ Bottom-hole pressure in field has declined to 5 per 
cent of original. Calculated productivity index used 
the effect of free gas saturation on permeability to 
liquid.12 


of Table 1 shows that by this comparison 
a method is developed whereby it is 
possible to evaluate the amount of recovery 
obtained from an area that has been 
affected by drainage. In other words, it is 
possible to compute the recovery obtained 
from the area to a given date and to calcu- 
‘late the future recovery expected by con- 
tinued pumping or by installation of water 
drive. If uncontaminated cores, from areas 
of this type, are obtained, another index 
for both past and future recovery will be 
available. Additional records of this type 
should, with complete data, produce 


field results that confirm the previously 
outlined principles of well spacing in gas- 
expansion fields as developed by Muskat.!3 


PRESENT AND FuTURE APPLICATIONS 


Sixty years ago Carll! recognized the 
relative efficiencies between production of 
oil by gas expansion and water drive, and 
stated that, in order properly to evaluate 
and apply these methods, a knowledge 
and understanding of reservoir flow must 
be available. Through analysis of cores 
while wells are being drilled, and by 
periodic sampling and analysis of produced 
fluids, we are today in position to apply a 
more complete knowledge of reservoir 
media and reservoir fluids to methods of 
increasing economic recovery. Large vol- 
umes of oil (Fig. 2) have been recovered 
by the successful application of water- 
flooding to fields. where natural production 
had reached its economic limit. And we 
have found how: (1) to interpret probable 
production (whether it be gas, oil or water); 
(2) to calculate relative and absolute 
productivity; (3) to calculate normal 
connate-water saturation from contami- 
nated cores; and (4) by the combination of 
these data to predict the rate and the 
ultimate recovery of oil from gas expansion 
and water-drive fields in keeping with 
maximum economic conservation of natural 
reservoir energy. 

Field results have shown® and recent 
research on flow of gas, oil and water 
mixtures through sand!*"1° has confirmed, 
the presence of an equilibrium residual oil 
saturation after water drive. By adjusting 
production rates in potentially natural 
water-drive fields so that a minimum drop 
in reservoir pressure results, or by arti- 
ficially supplementing this water drive by 
injection of extraneous water to maintain 
reservoir pressure and obtain profitable 
rates of production, it will be feasible to 
economically recover a larger portion of 
the original oil content. This will be accom- 


74 CORE ANALYSIS—AN AID TO INCREASING RECOVERY OF OIL 


plished by holding in solution, in the 
residual equilibrium oil saturation, the 
maximum amount of gas necessary to 
satisfy the minimum requirements of 
multiple-phase flow. Such a method of 
artificial maintenance of reservoir pressure 
will result in an even higher recovery than 
would be possible by later application of 
water drive after the reservoir pressure had 
fallen to a low value. Jts installation at an 
early date of production from the field, prior 
to a disturbance of the natural equilibrium 
present in the reservoir before discovery, will 
result in better control of irregular fluid 
movement through sands of varying perme- 
ability. Producing wells will be flowed from 
their original completion to the point at 
which a high percentage of water is pro- 
duced. At that point of depletion the ulti- 
mate yield will be from 2 to 214 times as 
great as that which would be obtained from 
fields producing by gas expansion. Definite 
five-spot networks in deep fields with sands 
of higher permeability are not considered 
necessary in all cases. The correct plan is a 
systematic one that incorporates the lateral 
and vertical variations in sand thickness, 
permeability, and fluid content of the 
complete reservoir. 

Under such a program it would be 
desirable to operate fields without original 
free gas caps at bottom-hole pressure in 
excess of the original saturation pressure 
for the gas-oil mixture. For above this 
pressure the operation is a hydraulic 
system, which, by virtue of the principles 
governing flow, becomes more efficient and 
has greater sensitivity and ease of control. 

Cooperative work on the part of all 
operators in a field is essential to the suc- 
cessful installation of such a plan, if and 
when engineering data from the field 
indicate the absence of natural drive 
sufficient to maintain bottom-hole pressure 
at economic rates of oil production. Oil 
production by effective water drive is, as 
agreed by virtually all engineers at the 
present time, the most efficient method of 


producing oil. In such a program, spacing 
and oil recovery can approach the mini- 
mum and maximum, respectively, that is in 
keeping with optimum penetration of 
individual sand members. Development 
and operating costs will approach the 
minimum. 


CONCLUSION 


| 
: 

The basic considerations required in 
judging the effects of water movement into | : 
an oil reservoir are: “(rst) The time if 
flooding ..., (2nd) The structure of 
the rock, (3rd) The shape of the area being | 
flooded ..., (4th) The point at which 
water is adiniitted, (sth) The height (which 
governs the pressure) of the volume of water 
obtaining admittance, (6th) The Be | 
of the water supply,” and (7th) The fluid 
characteristics and distribution. Today, as 
a result of recent work, we can intelligently 
measure, evaluate and apply these criteria, 
all but one of which (the seventh) were 
recognized by John F. Carll in 1880 as — 
the basis for increased recovery through 
water drive. 

With our present knowledge of the move- 
ment of fluids through oil reservoirs, it is 
possible, in keeping with judicious applica- 
tion of these basic principles, to develop 
and produce an oil field so that a greater 
recovery of the original oil content will be — 
obtained at less cost per barrel. The pre- _ 
requisite to profitable operation is the 
accumulation of representative reservoir 
media and reservoir fluid characteristics 
and a working knowledge for applying these 
data to field operations. 
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J. E. SHERBoRNE,* Los Angeles, Calif—I 
believe that Mr. Lewis made a point that is 
worth emphasis when he said that the informa- 
tion necessary to properly develop a field 
should be obtained when wells are being drilled. 
The data can be obtained most economically 
at that time, and such information can be 
used to advantage in the early life of the field 
as well as for possible secondary recovery. 

While the data presented in Fig. 1 show an 
increase in production rate for the two wells 
picked, no information is given regarding the 
condition of water input for the two areas. The 
question then arises: Would not the well- 
production curve shown in graph 1 resemble 


-that shown in graph 2 if the rate of input for 


the well shown in graph 1 had been much léss 
than it was for the conditions that existed? 
Is the inference correct that the input pressures 
for the areas shown in graphs 1, 2 and 3 of 
Fig. 1 are equal? 

- With regard to the same data, Mr. Lewis 
quotes from a report in which figures are given 
to show that from core analysis it is possible 
to predict the rate of recovery of oil by flood- 
ing. Is this report available in the literature? 

In the paragraph on the mechanics of water- 


drive production, he says: ‘‘The conclusion 


from these data is that the production of oil 


—_-s 


- * Union Oil Company of California. 
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from an artificial water-drive operation, at 
economic rates of production, takes place by 
the mechanism of positive displacement of the 
oil saturation that is present in excess of the 
final residual equilibrium oil saturation for the 
system, substantially in accordance with the 
permeability of the sand to homogeneous fluid 
flow.” Does he mean that the rate of flow 
indicated by the permeability of the sand to 
homogeneous flow is that which will maintain 
in the formation, or that a value can be 
determined using an empirical relationship, 
based upon the permeability of the formation 
to homogeneous flow, which will permit an 
evaluation of the rate of movement of oil from 
that particular sand? 

The correlation presented in Table 1 shows 
an excellent agreement between observed 
productivity indices and those calculated from 
core analyses. However, since it is my experi- 
ence that, in general, productivity indices for 
individual wells change considerably with 
time, I should like to ask under what conditions 
the correlation is made? 


J. A. Lewis (author’s reply).—The input 
pressure for the areas shown in graphs 1, 2 and 
3 are approximately equal. 

The report referred to has not been published 
in the literature. The quotation was taken 
from an intracompany core-analysis report, 
which was made prior to starting injection of 
water into the area. 

Water injection and oil-production rates 
take place in accordance with the rates antici- 
pated from permeability of the sand to homo- 
geneous flow. Empirical correlations are 
necessary only where injection wells are heavily 
shot. 

Productivity-index measurements were made 
on the flowing wells within six to nine months 
after completion. The reservoir pressure at 
time of test was equal to or near its value at 
discovery. Similar measurements were made 
on the pumping wells but, because of low 
reservoir pressure, a correction was necessary 
to account for the effect of gas saturation on 
permeability to oil. 


Geology and Development of the Paloma Field, Kern County, 
California 


By James T. Woop, Jr.* 
(Los Angeles Meeting, October 1941) 


STRATIGRAPHY, structure and closure of the 
Paloma field are discussed, with some details 
regarding the present state of development. 
The Paloma anticline, a large dome modified 
by faults, is the largest single closed dome in 
the southern San Joaquin Valley without 
surface outcrop or topographic expression. It 
owes its discovery to geophysics. Of nine wells 
drilled to the Stevens sand, seven are produc- 
tive. The ultimate productive area may 
approximate 3000 acres when the limits of the 
field are determined. 


INTRODUCTION 


THE Paloma field derives its name from 
the Paloma school, 14 mile north of what 
is now the center of the field. 

The field is 17 miles southwest of Bakers- 
field, in the south central part of the San 
Joaquin Valley (Fig. 1). The present de- 
veloped area and its expected extensions 
are in townships 31 and 32S., R.26E. It is 
the most southerly of several fields that pro- 
duce from the Stevens sand zone. 

The first well to produce condensate was 
a joint test drilled by the Western Gulf Oil 
Co. and The Texas Co. near the center of 
sec. 3, [.32S., R.26E., well No. 54-3. This 
well was completed on Aug. 31, 1939, at a 
depth of 10,178 ft. The initial production 
was 2280 bbl. a day of condensate and 
14,750,000 cu. ft. of gas (44-hr. gauge) 
through a 3¢-in. bean. 

Prior to the drilling of this well, the Ohio 
Oil Co. discovered and developed a small 
gas field, which embraces a part of three 
townships about their common corner but 
lies chiefly in secs. 31 and 32, T.31S., 
~ Manuscript received at the office of the Institute 
Nov. 3, 1941. Issued as T.P. 1471 in PETROLEUM 
TECHNOLOGY, May 1942. 


* Manager, Producing Department, The Texas 
Company, Los Angeles, California, 
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R.26E. The first well was completed on 
July 1, 1934, at a plugged depth of 52309 ft. 
after having been drilled to 7957 ft. Pro- 
duction was found in a 59-ft. zone 110 ft. 
below the Fourth Mya bed, within the San 
Joaquin clays. Until recently this field was 
known as the Buena Vista gas field. It is 
now carried by the Division of Oil and Gas 
as the Paloma gas field. Production within 
the Paloma gas field is derived from six 
wells, producing from several different 
zones in the interval from 4177 to 5548 feet. 


GEOLOGY 
Stratigraphy 


The sediments penetrated by wells in the 
Paloma field range in age from Recent to 
Upper Miocene. The entire section, which 
exceeds 10,000 ft. in thickness, conforms 
generally to the standard section of the 
south central San Joaquin Valley. The pro- 
ducing zone, sometimes called the Paloma 
sand, is the approximate equivalent of the 
Stevens sand zone of the Ten Section, 
Canal, Coles Levee and other fields. The 
stratigraphic section is shown in Table 1. 

Paloma Producing Zone* (Stevens Sand 
Zone, Upper Miocene).—The Paloma pro- 
ducing zone (Fig. 2), frequently referred to 
as the Paloma sand, is encountered at 
depths ranging from 9950 to 10,300 ft. In 
general, it is a massive, firm to hard, not 
too well sorted, fine to medium fine sand. 
It is interbedded with thin, hard, calcare- 
ous sand shells of similar texture and cherty 

* Commences with first sand below base of 
chert zone (roo ft. + below the N point) and 
continues to top of Pulvinulinella gyroidina- 
formis zone. 


pe Ate I a ee 


7 
+ 


JAMES T. WOOD, Jr. 


77 


TABLE 1.—Stratigraphic Section, Paloma Field 
2 a || Lin hia a an FL 0 EES SiGe Pe SS —————————————————————e 


Description 


Age Formation ees, 
Quaternary Alluvium rooo+ 
Pleistocene Upper Tulare 850-1200 
Pleistocene Lower Tulare 1850-2200 
Upper Pliocene | San Joaquin Clays 1450-1500 
Middle Pliocene} Upper Etchegoin 2570-3300 
Lower Pliocene | Lower Etchegoin 250-975 
Upper Miocene | Brown Shale 860-970 
Upper Miocene | Paloma Producing Zone}] 300-390 

(Stevens Sand Zone) 


Incoherent sands and shales. 

Friable sands medium to fine-grained with beds of 
gray-green or brownish mottled sandy clay having 
infrequent thin beds of fresh-water fossils. Water 
near base changes from fresh or mildly brackish to 
salty, as shown by electric logs. 

Sand beds less numerous than in the section above, 
due to thickening of intervening gray-green or brown 
mottled shales. Carbonaceous material more abun- 
dant, with occasional thin seams of lignite or lignitic 
clays, one of the latter attaining a recorded thickness 
of 6 feet. 

Predominantly clays, with interbedded fine-medium- 
grained sands, intervening between the top of the 
First Mya bed and the top of the Upper Mulinia 
bed. Fresh-water and marine fossil zones alternate 
throughout the section. The five Mya zones as well 
as the Upper and Lower Scalez and the “Stinking 
Brown Shale’’ have all been recognized. 

Essentially a sandy zone with intervening shales. 
Sands vary from silty and fine grained to coarse with 
excellent porosity and permeability. Difficult to 
correlate from well to well, owing to lenticularity. 
Sands increase in abundance and coarseness to east, 
and shales decrease. Marine fossils scattered through- 
out but decrease in abundance with depth. Basal 
sands reach lower and lower into stratigraphic col- 
umn from west to east. 

A transition zone of dark gray to greenish gray clay- 
stones lying between the above sandy section and 
the brown shale. Generally regarded as lowermost 
Pliocene. Contact with underlying brown shale is 
gradational and is placed where shale body assumes 
a definite brownish hue. 

A claystone massive and dull grayish brown at top 
grading within 100 to 200 ft. into dark, greenish 
brown clay shale. A chert streak appears about 
360 ft. above the base, which grades into an almost 
continuous light brown cherty zone that constitutes 
the base of this member. Top of continuous chert 
corresponds to the W point of electric logs. This point 
can be picked in other Stevens-sand fields such as 
Ten Section, Canal and Coles Levee. In the discovery 
area the chert zone rests upon the Paloma producing 
sand. To the east in the Western Gulf B-12-12, this 
zone is largely replaced by a sand known as the 
B-12-12 sand. | 

See special description in text. 


Upper Miocene | Lower Stevens Zone 706+ See special description in text 


or dark brown siliceous shales. One con- 
spicuous shale bed varying from 10 to 50 ft. 
in thickness generally occurs within the 
upper 100 to 150 ft. of sand. 

Fresh cores from this zone have been 
characterized by light tan distillate stains 
and have a strong gasoline odor. When dry 
the same cores have an unpleasant smell, 


described by one observer as a ‘‘sour sock”’ 


odor. Material resembling Grahamite and 
giving a dark cut with carbon tetrachloride 
is frequently found in the sand. 

The total effective sand thickness of the 
productive zone at Paloma is estimated to 
be from 200 to 250 ft. in the wells now com- 


pleted. Core analysis indicates an average 


—— 


porosity of about 20 per cent and an avet- 


age permeability somewhat less than 100 
millidarcys. Streaks of sand having perme- 
abilities of 100 to 500 millidarcys are found 
throughout the section, but doubtless these 
are of limited extent, as they do not corre- 
late from well to well. 

The base of this sand rests with fairly 
sharp contact upon the underlying Lower 
Stevens zone. ; 

Lower Stevens Zone (Upper Miocene).— 
The Lower Stevens Zone is composed chiefly 
of dark brown semisiliceous and cherty 
shales, often finely laminated. These shales 
are infrequently interbedded with sands, 
which, while similar in texture to those in 
the producing zone, are in general hard and 
calcareous. This zone had a thickness of 
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The potentialities of the formations below : 


780 ft. in Ohio K.C.L. A-8 and 796 ft. in 
Western Gulf K.C.L. A-74. Both wells were 
bottomed above the Pulvinulinella gyroid- 


the sections penetrated by these wells are — 


; 


unknown. 
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Thickness and Distribution of Paloma 
Producing Zone.—Development is still too 


the base of the Stevens zone. Neither well 
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and reservoir characteristics of the pro- 
ducing zone throughout the Paloma field. 
With but one or two exceptions, the wells 
drilled to date have been located along lines 
of nearly equal sand thickness. Western 
Gulf B-12-12 is approximately 34 mile south 
of an east-west line passing through the 
present producing wells. If the upper go to 
125 ft. of sand in this well is conceded to be 
a new member, the Stevens sand as known 
elsewhere in the field has decreased in 
thickness. Union Oil Company’s Morgan 
No. 81-14, sec. 14, 1T.32S., R.26E., was 
abandoned at a depth of 11,456 ft. This 
well penetrated approximately 285 ft. of 
sand between 10,640 and bottom. Approxi- 
mately 213 ft. of sand between 10,640 and 
10,853 is considered the equivalent of the 
B-12-12 sand. The remainder of the sand, 
approximately 72 ft., occurs between 11,010 
and bottom. These sands may be the 
equivalent of the Paloma producing zone. 

Although there are some indications of 
both thinning and decreasing permeability 
in the Paloma producing zone southwest of 
the axis of the structure, more development 
is necessary before either the southwest or 
northeast flank can be evaluated. 

B-12-12 Sand.—The B-12-12 sand, dis- 
covered by Western Gulf B-12-12 early 
during the current year, is at present con- 
fined to the easternmost producing well 
within the Paloma field. This well’s pro- 
ductive zone includes 496 ft. of formation, 
of which an estimated 260 ft. is sand. The 
upper go to 125 ft. of this sand occurs as a 
replacement of the chert zone and a small 
portion of the immediately overlying brown 
shale. 

So little is known at present of the dis- 
tribution of this sand that it does not merit 
a great deal of mention other than to say 
its featheredge lies somewhere between 
Western Gulf B-12-12 and the next pro- 
ducer to the northwest, Western Gulf A-34. 
From theoretical considerations and an 
application of regional geology, it is be- 
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lieved that the featheredge of this new sand 
will maintain an approximate north-south 
trend. This means that the B-12-12 sand 
will be draped about the eastern plunge of 
the Paloma anticline, and it is anticipated 
that as it goes down the plunge eastward 
this sand will expand in thickness and in- 
crease in permeability and porosity. West- 
ern Gulf Symons 12-7, now drilling exactly 
one mile east of B-12-12, will test this 
theory. 

Most Reliable Markers for Correlation.— 
For correlation, the most reliable markers 
are, from top down, the electrical markers, 
L point, MM point, and N point, all being 
within the Miocene brown shale. Intervals 
between them are approximately 460 and 
375 ft. As stated previously, the interval 
from the NV point to the top of the Paloma 
producing zone proper is about roo feet. 


Structure 


The Paloma anticline is believed to be a 
single large dome modified somewhat by 
faults, the exact position and details of 
which are still unknown. The Paloma field 
is lower structurally than any of the San 
Joaquin Valley fields that produce from the 
Stevens sand zone, it being the only one in 
which drilling below 10,000 ft. is necessary 
to reach this sand (Fig. 3). 

South of the Paloma anticline lies the 
large, structurally deep Buena Vista-Kern 
Lake synclinal basin into which, it appears 
from regional studies, were discharged the 
Stevens sands and other sediments repre- 
senting their time equivalents along the 
southwestern edge of the San Joaquin 
Valley. It is to be expected that these sands 
grade into richly organic shales toward the 
center of this basin. This area, to a believer 
in lateral migration, appears to be the most 
likely source of much of the oil now accumu- 
lated in Stevens sand fields. The low point 
in this basin is probably at least 3500 ft. 
lower than equivalent measures on top of 
the Paloma anticline. 
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Closure 


The Paloma anticline is the largest single 
closed dome in the southern San Joaquin 
Valley without surface outcrop or topo- 
graphic expression. It owes its discovery 
entirely to geophysics. This fold has a 


from anticlinal axis to synclinal axis, is 
approximately 2 miles. 

The productive closure—that is, the ver- 
tical relief from the top of a given produc- 
tive sand at its highest point to the bottom 
of the lowest dry well within that sand, 


DATUM-SCHLUMBERGER MARKER “L” 
APPROXIMATELY 900" ABOVE PALOMA SANO 


Fic. 3.—STRUCTURAL MAP, PALOMA FIELD, SEPTEMBER 20, 1941. 


known length of 9 miles, with an indicated 
geophysical closure of 500 ft. The reversal 
against the regional dip on its northeastern 
flank is 1000 ft. opposite the apex of the 
dome. The vertical relief between the apex 
and the syncline on the south exceeds 
3500 ft. The breadth of the north flank, 


exceeds 811 ft. by an unknown amount. 
This figure is obtained by subtracting the 
subsea-level depth to the top of the Stevens 
sand (9644 ft.) in Ohio B-3 from the subsea- 
level depth of Western Gulf B-12-12 
(10,455). Subsequent development. may 
prove that stratigraphic closure by lateral 
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change of facies is an important factor in 
accumulation. 


PRESENT STATE OF DEVELOPMENT 


Nine wells have been drilled to the 
Stevens sand in the Paloma area; all capa- 
ble of producing except two—Ohio Oil 
Company’s A-8, near the south quarter 
corner of sec. 32, T.31S., R.26E., and Union 
Oil Company’s Morgan 81-14, sec. 14, 
T.32S., R.26E. (abandoned 9-30-41). A-8 
was the first in the area to penetrate the 
Stevens zone. Although the prospects for 
production seemed good, the well failed to 
produce and since has remained something 
of a mystery. Union Oil Company’s Morgan 
81-14 penetrated approximately 200 ft. of 
sand, believed to be the equivalent of the 
B-12-12 sand. This sand did not, in the 
opinion of the operator, warrant a test. 
Western Gulf Oil Company’s Symons Bros. 


Development Co. No. 12-7 is now drilling 
at 11,021 ft. This well is in sec. 7, T.32S., 
R.27E., and is lower structurally than the 
Union Morgan No. 81-14. 

The seven productive wells, three of 
which were drilled by the Ohio Oil Co. and 
four by the Western Gulf Oil Co., have an 
average depth of 10,467 ft. The deepest 
well drilled in the field is Western Gulf 74-3, 
which was carried to a depth of 11,422 ft. 
and later plugged back to 10,700 feet. 

The drilling program to date has been to 
set a 133-in. surface string between 1200 
and 1300 ft. A 7-in. water string is then set 
above the sand at approximately 9500 ft., 
followed by a 434-in. shop-perforated liner 
on bottom. A majority of the wells are 
completed with 2-in. tubing. 

The ultimate productive area has been 
estimated to be from 3000 to over 5000 
acres. A number of additional wells must be 
drilled before the field is definitely defined. 


A Plan for Operation of the Paloma Field 


By W. H. Gets,* Mremper A.I.M.E. 


(Los Angeles Meeting, October 1941) 


Tue following pages summarize the causes 
that led to the suggestion of unit operation of 
the Paloma field, the organization of com- 
mittees, preparation of the Paloma Operators 
Agreement and the reasons for rejection of the 
plan. 


INTRODUCTION 


Long ago an Austrian physicist observed 

that under certain conditions the conden- 
-sation of a liquid from gaseous mixtures 

resulted from pressure reduction. Some 
50 years later he would have known that 
his research was not in vain. He would have 
seen a group of serious operators and 
engineers seeking to apply that principle 
to a conservation program for unitized 
production in the Paloma gas field—but he 
would also have been saddened to see 
that forces unsympathetic to the appli- 
cation of science in oil production, with 
little or no appreciation of modern methods 
and the advantages of cooperation, so 
far have prevented the adoption of that 
program. 

Soon after the Paloma field was dis- 
covered it was realized that all the hydro- 
carbons in the reservoir existed in the 
gaseous phase. This condition was con- 
firmed over a large area. Therefore, if the 
field was to be properly exploited with the 
greatest ultimate recovery of condensate, 
the hydrocarbons in the reservoir must be 
produced in the single or gas phase. They 
must be cautiously extracted with the least 
possible reduction of the natural pressure. 

Manuscript received at the office of the Institute 


Nov. 3, 1941. Issued as T.P. 1472 in PETROLEUM 


TECHNOLOGY, May 1942. 
* Assistant to the President, Union Oil Company 
of California, Los Angeles, California. 
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If this could be accomplished, or if artificial 
pressure control were utilized, the conden- 
sation and underground loss of the valuable 
distillate would be preventable—otherwise 
it would not be. 

Wholehearted cooperation of all oper- 
ators was required in order to accomplish 
the conservation purposes of the program. 
To this end the production engineers of 
the several companies concerned lent their 
time and talents. They fully investigated 
the physical relationships of the products 
within the complicated gaseous mixture, 
prepared extensive reports on the subject 
and drew up a reasonably efficient plan of 
operations, which now is commonly called 
the “Paloma Unit Plan” but actually 
was entitled “The Paloma Operators 
Agreement.” 

All of the engineers were not in perfect 
agreement on all the features of the plan, 
or even on all the engineering principles. 
However, it is safe to say that on all the 
important or essential factors there was a 
unanimity of opinion, particularly as to the 
objectives. These were fairly simple and 
reduce to one controlling item, “‘pressure 
control” by cycling or recycling. 


ORGANIZATION 


The principal operators initiated the pro- 
gram by calling a meeting of all the lessees 
in the area, at which an organization was 
perfected, known as the “ Paloma Operators 
Committee.” Various subcommittees were 
appointed to expedite the work, including 
an “Engineering Committee.”’ These func- 
tioned in a businesslike manner, frequently 
reported to the superior committee and 
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thus directly to the operators. Each oper- 
ator had a member on the Operators 
Committee. 

Lessors were only informally organized. 
Several meetings were held at which the 
physical conditions, technical as they were, 
were fully explained and the consequences 
of ordinary competitive production empha- 
sized. Numerous articles appeared in the 
newspapers and trade magazines, so that 
no one interested in the field could take 
the position that he was not advised. 


PLAN VERSUS COMPETITION 


It was contended, without dispute, that 
if the field were exploited in the com- 
petitive fashion whereby each operator 
sought to complete the first, and the most, 
wells on his property and thereafter to 
produce, or induce, a pressure low on his 
property, only one fourth to one fifth of the 
otherwise recoverable liquid (condensate) 
would be saved in the tanks. These esti- 
mated recoveries were never fully authenti- 
cated but the accepted figures were 21,000 
bbl. per acre recovery by pressure control 
and 4000 to sooo bbl. per acre without such 
control. In view of the extent of the field, 
the risk was a recovery of 100,000,000 bbl. 
of liquid and all the gas, compared with 
20,000,000 to 25,000,000 bbl. of liquid and 
an indeterminate although undoubtedly a 
large amount of the gas. Thus the probable 
losses resulting from competitive produc- 
tion were enormous. Opportunity for a 
handsome profit, and an assured one, could 
be changed easily into a discouraging 
financial failure. 

Prevention of such a loss was quite 
simple. Through a central plant the liquid 
could be recovered at a predetermined and 
practical rate, as a water-white product of 
about 60° A.P.I. gravity containing some 
50 per cent of fighting-grade aviation gaso- 
line. The residual gas could be returned to 
the reservoir to provide pressure control, 
later extracted and sold as dry gas. All 
would benefit by pressure control—some 


more, others less, but everybody would be 
ahead of the competitive system from the 
standpoints of both reduced costs and 
increased recoveries. 


VARIABLES TO BE CONSIDERED 


A few operators were sufficiently rugged 
in their individualism, an otherwise admir- 
able characteristic, to insist that the specific 
relationship, or equity, of each land parcel 
to the whole must be determined. If this 
were not done they would, and did, resist 
the plan, which necessarily had to be 
unanimously accepted. Equities are apt to 
involve not only the area of participation 
but sand thicknesses, porosity, perme- 
ability, saturation and many other factors 
varying from place to place. There are a 
number of important intangibles, which 
may never be known but upon which 
specific equities may depend. Even com- 
plete knowledge of one variable within a 
group of several is of little or no help in the 
solution of such a problem. 

Geological structure in itself was a 
variable in the equation. The area had been 
“shot” by seismic surveys many times, 
both before and after the discovery, but 
while each map differed from another a 
composite of all could be used as indicative 
of the underground configuration. The well 
data indicated that the Paloma sand thick- 
ened shoreward along the axis and to the 
southeast. Permeabilities decreased in the 
opposite direction, becoming practically 


zero west of the section line separating 


sections 4 and 5 (T.32S., R.26E.) beyond 
which two dry holes had been drilled in 
sec. 5, 1.32S., R.26E. and sec. 36, T.31S., 
R.25E. 

Southeast from the point of zero perme- 
ability, seven wells had been completed, 
proving four miles along the structural 
axis. These wells were highly productive 
and revealed the reservoir conditions. 
Therefore while a freshman geologist could 
tell that the structure was large and of 
great potentiality, no one not present when 
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the sand was laid down could determine the 
specific relationship of each land parcel to 
the other parcels or to the whole unit area. 
This, however, only introduced the gam- 
bling element for which the oil operators 
are reputedly well known, but which failed 
to materialize in this case. 


BASIS OF PARTICIPATION 


The operators all knew the conditions 
and the Committee had to find a yardstick 
with which to measure them. It settled the 
question by deciding that participation 
should be on the basis of acreage only. If 
5000 acres were included within the plan, 

each 80 acres enjoyed 1.52 per cent of the 
total recovery from the pool and bore the 
same percentage of the costs. In accepting 
this provision, the larger operators and 
owners had to grant concessions, since the 
greatest known sand thicknesses were on 
their lands. The decision may or may not 
have been fair but resolved itself into 
balancing one equity or variable against 
another. All then that remained was to fix 
the area and the boundary line. This pre- 
sented “field day” possibilities for trading 
proclivities. 


StuDYING FUNDAMENTALS 


Most of the companies had previous 
experience with unitization efforts in Cali- 
fornia and realized the tendency of each 
unconsciously to be influenced by his own 
interests. Even when eminently fair, 
motives are frequently misunderstood. 
Therefore, the Committee decided to turn 
the entire matter over to a complete out- 
sider. Some one with no California affili- 
ations, prejudice or favoritism, but with 
wide experience in retrograde production 
and unitization. Preferably it should be one 
who had never even heard of Paloma. It 
was tacitly decided, if not actually, to abide 
by the decisions of such a person or firm if 
one with the somewhat unusual qualifica- 
tions could be found. A subcommittee was 
appointed to find qualified people and 
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report their names to the Operators Com- 
mittee, which would then make the 
selection. 

Members of the subcommittee journeyed 
into Texas and Oklahoma and personally 
investigated the qualifications of many 
individuals and consulting firms and pre- 
sented a list thereof to the Operators Com- 
mittee. Finally a selection was made; the 
engineering firm selected accepted the 
commitment, and was charged by the Com- 
mittee to do the following: 

1. To study the physical conditions in 
the field in confirmation of the retrograde 
aspects. 

2. To make adequate field tests on a 
commercial basis in confirmation of labo- 
ratory tests. 

3. To determine upon the area to be 
unitized. 

4. To prepare and present to the Com- 
mittee a complete plan for unit operations. 

5. Upon the request of the Committee, 
to design the proper type of plant and 
supervise its construction. 

6. To consult with the landowners and 
explain all features of the Plan. 

7. To prepare a Consent Agreement for 
the signatures of the landowners, per- 
mitting the lessees to join in the Plan. 

8. To assist the lessees in obtaining 
changes in the various leases where 
required. 

9. To do whatever might be necessary 
to assure a soundly engineered Plan. 

It must be admitted that the consulting 
engineers performed their work in an 
admirable and professional manner. They 
could analyze most of the factors and reach 
sound conclusions, but there was one thing 
they could not analyze—the idiosyncracies 
of human nature. 

Before the consultants were employed 
an engineering report was available from 
the laboratories of the California Institute 
of Technology. This report was conclusive 
and set forth the pertinent characteristics 
of the gaseous mixture. Similar investi- 
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gations were in progress at the laboratories 
of the Gulf Corporation at Pittsburgh, so 
that when the consultants had concluded 
their report the Committee had the benefit 
of three independent investigations (and 
conclusions). It later proved that all the 
reports were so nearly identical that no 
doubt could possibly remain as to the 
manner by which the field would have to 
be developed and produced. 

As the consulting engineers made their 
investigations each company laid its 
engineering files open for inspection and 
otherwise assisted whenever called upon. 
As the data were accumulated, duplicate 
files were acquired by the Engineering 
Subcommittee of the Operators Com- 
mittee. Thus any conclusion or statement 
made by the consultants could immediately 
be checked if desired by any operator. 


FIXING THE BOUNDARY LINE 


It would be presumptuous for anyone 
other than the consultants to say that he is 
aware of all the data and circumstances 
that led to the final fixing of the boundary 
line of the unit. It is known, however, that 
after the consultants had arrived at a con- 
clusion they obtained from each operator 
his opinions, objections and suggestions as 
to the position of the boundary line. These 
were reviewed for errors by the engineers 
and a map of the final area for unitization 
was presented to the Committee with a 
formal report from the consultants. 

The writer, as Chairman of the Engineer- 
ing Subcommittee, checked the position of 
the boundary by superimposing five geo- 
physical maps over the land plot and came 
to the conclusion that on the northwest, 
north, northeast, east and southeast the 
position was justified on a_ structural 

‘basis. On the west, southwest, south and 
extending southeastward, the position was 
justified by isopach and “‘isoperm” con- 
siderations. Since the line was fixed, a well 
has been drilled at the southeast extremity 
of the unit. The information obtained 


therefrom seems to indicate that the con- 
sultants had placed the line within 14 mile- 
of the featheredge of the gas-water inter- 
face. Cores from the well showed some gas 
and oil through a short interval. These were 
considered insufficient to warrant a test 
and the well was abandoned. 

This story of the unitization effort is told 
in some detail in order to indicate that the 
Operators Committee went to extremes to 
limit the personal equation. The Plan failed 
of acceptance because of two things: (1) 
the refusal of a minority to accept the 
position of the boundary, and (2) the 
possibility of a black oil ring existing 
between the gas cap and the edge water. 

The consultants reported that a black oil 
ring might exist between the gas and the 
water line. Such a ring must be very nar- 
row, since little width remains between the 
known extent of the gas cap and the posi- 
tion of the edge water. Even if oil does 
exist, a little simple arithmetic will show 
that with oil at $1.25 per barrel the land 
must produce 30,000 bbl. per acre to equal 
the equivalent returns from participation 
in the unit. 

Considerable criticism developed as to 
the size of the unit, although no one claimed 
that it was too small. When analyzed as to 
where it was too large, some contended 
that it extended too far to the north but not 
far enough to the southwest; others, too far 
to the west but not to the southeast. In 
general, the unit was too large in the direc- 
tion of a competitive company’s holdings, 
not large enough in the direction of one’s 
own, but over-all too large. So universal 
were these complaints, but conflicting 
within themselves, that they justified 
rather than condemned not only the size 
of the unit but its configuration. 

An essential part of the plan provided 
that all productive land be included; for if 
any were excluded and later became pro- 
ductive the whole unit would be subject to 
severe drainage. Therefore the tendency 
was to expand the area solely as a safety 
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measure for those with definitely proved 
lands. Even if barren lands were included, 
sacrifices could well be made for the assured 
protection of all. It was an easy task to 
delimit the minimum productive area but 
extremely difficult to outline the maximum 
limits. To a certain extent flexibility on 
these factors was provided in the Plan, 
although once a parcel was included it 
could not be excluded except under ex- 
ceptional circumstances. 


PREPARING THE AGREEMENT 


In the preparation of the ‘“‘Agreement” 
the Operators Committee again used 
meticulous care in safeguarding the rights 
of all. After the consultants had concluded 

the engineering investigations, they pre- 
sented a written document setting forth 
the fundamental terms of an agreement. 
This was turned over to a subcommittee 
composed of nine oil-company attorneys for 
final preparation. Every operator in the 
area was permitted to have a member on 
the subcommittee. 

Legal difficulties and divergent view- 
points of both the attorneys and the prac- 
tical operators were finally reconciled and 
a document complete in all details was 
presented to the Operators Committee. 
The work of the subcommittee was fraught 
with many difficulties and it stands to its 
credit that no serious complaint has been 
registered. Each operator approved the 
document as such even if he disagreed with 
certain of the provisions contained therein. 

The legal Subcommittee also prepared a 
document entitled ‘‘Lessors’ and Royalty 
Owners Consent,” which required the 
signature of those parties before the unit 
plan could become effective. 

Here, the reader is referred to the 
documents themselves for the detailed 
provisions of the Plan. Together they 
comprise 19 typewritten pages, so only a 
review of the essential provisions can be 
included here. 
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SUMMARY OF THE “PALOMA OPERATORS 
AGREEMENT”’ 


The Agreement was dated May 1, 1941, 
and was to become effective after four 
lessees had signed, representing at least 
5° per cent of the unitized acreage, and 
after the Plan had been approved by the 
State Oil and Gas Supervisor. All lessees 
were required to sign before July 1, 1941, or 
thereafter they could join the Plan only with 
the consent of the Operators Committee. 
It was to remain in effect as long as the 
lands produced or until terminated by 
unanimous consent. 

The preamble set forth that unit oper- 
ations were in the public interest to con- 
serve a natural resource and prevent 
avoidable waste. This could be accom- 
plished by the maintenance of pressure, 
creation of gas drive, and by systematic 
cycling under a unit plan. 

Various terms used in the contract were 
defined, among which was a description of 
the ‘‘Paloma Field” and in the “Paloma 
Zone.” The latter was the then producing 
measure as found in seven specified wells 
but included any other sands that were 
“pressure connected”’ therewith. The field 
was divided into two classes of lands, 
“controlled” and “participating.” The 
controlled lands were all the lands owned 
by any signatory within the description of 
the field. The participating lands were 
those within the area established by the 
consulting engineers, and immediately 
participated in the benefits of the unit 
operations. Thus within the controlled 
lands a company might have both partici- 
pating and nonparticipating lands. 

Prior to Jan. 1, 1946, the Operators 
Committee could, by a three-fourths vote, 
bring into the “participating” lands any of 
the ‘‘nonparticipating” lands. Thereafter 
it could do so only with the consent of the 
lessee and lessor. If a well had been drilled 
thereon, the owner would be compensated 
therefor. Under certain conditions the 
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owner would receive twice the cost of such 
a well. 

A geometrical formula was provided for 
determination of the amount of non- 
participating land, proved by a successful 
well, which automatically had to come into 
the unit prior to Jan. 1, 1946. These various 
provisions provided for the expansion of 
the participating area, but no land was 
ever to be excluded except for title defects. 

It was apparent that the Operators 
Committee expected all lands in the field 
to be proved before January 1946, and in- 
cluded within the participating classifi- 
cation. But the door was not closed if 
the Committee erred in its judgment; it 
only cost the operating group twice as 
much for the well and permitted the 
operator to stay outside the unit if he 
desired. Thus the actual fixing of the 
boundary line of the unit was not rela- 
tively important and did not exclude any 
land. Consequently the criticism of the line 
was not well founded. If an operator felt 
that the engineers had made a mistake, he 
could prove his point by drilling a well on 
the disputed land. If it were dry he had to 
pay for it himself; if it were a success, he 
could get paid twice over and force 
acceptance of much of his additional land 
within the unit. The only relief that the 
agreement did not afford was the adverse 
weighting created by including too much 
land within the participating lands in the 
first instance. This weighting, when con- 
verted into a participating percentage, was 
nominal, for the unit was very large in area. 

The Agreement further pooled all the 
land within the participating area for the 
production of all hydrocarbon substances. 
As previously mentioned, the benefits and 
burdens were based pro rata upon acreage. 
An Operators Committee was created, 


representation thereon defined, and di- 
rected to ‘‘plan, coordinate, and manage 
or conduct the development and operation 
of the participating lands . . . ” Specific 
powers and duties were set forth in con- 
siderable detail, with a mandatory obli- 
gation to construct a modern plant for 
high-pressure condensate recovery and 
cycling. 

Careful reading of the Agreement will 
reveal that the products produced from the 
unit belonged pro rata to the individual 
companies and royalty owners, and were to 
be delivered in kind. The Committee was 
simply operating as the agent of the 
owners. There was no transfer of title. 
There were many other important pro- 
visions in the Agreement, which clarified 
the purposes and the intentions of the 
parties and references made to the docu- 
ment as a model for unit operations. 


Reasons PLan Was Not ADOPTED 


It should be remembered that the writer 
was closely identified with the unitization 
effort as Chairman of the Engineering 
Subcommittee, and repeats the history as 
it appeared to him. Criticism for failure to 
adopt the Plan is not directed at any com- 
pany, individual, or group. In retrospect, 
all seem more or less guilty of somewhat 
narrow viewpoints in light of the advan- 
tages that could have been obtained. 
Details became overemphasized while 
fundamentals were forgotten. A company — 
would yield on one point and remain 
adamant on another, until at the conclu- 
sion there was an unyielding position by 
someone on every point, but with all the 
difficulties there was never any personal 
animosity. The lessors were as much to 
blame for the failure as were the operators. 


Chapter II. Engineering Research 


Effectiveness of Gravel Screens 


By B. H. Sacr,* Memper A.I.M.E., anp W. N. Lacry* 
(Los Angeles Meeting, October 1941) 


Tue results of an extensive experimental 
program relating to the effectiveness of gravel 
screens have been correlated. The factors con- 
sidered in some detail include gravel size and 
condition of packing, sand size and size distri- 
bution, fluid velocity, fluid viscosity, and thick- 
ness and arrangement of gravel screens. Good 
- agreement between calculated values based 
upon probability considerations and experi- 
mental results relating to the influence of the 
thickness of the gravel screen was obtained. 
-All of these factors are treated in the corre- 
lation in order that their influence may be taken 
into account in ascertaining the characteristics 
of an effective gravel screen for a particular 
set of conditions. The details of the experi- 
mental program are not given in the present 
paper but a description of generalized behavior 
and typical experimental results are recorded 
in graphic form. 


INTRODUCTION 


Gravel screens have been placed in water 
and oil wells for a number of years!.?:? with 
the dual objective of increasing the produc- 
tivity and decreasing the entrance of sand 
into the well bore. An understanding of the 
factors controlling the effectiveness of 
gravel screens in this connection is of indus- 
trial interest because it will lead to the 
proper selection of gravel. Some of the fun- 
damental considerations involved in the 
migration of sand through a coarser body 
of porous materials were investigated by 
Coberly and Wagner‘ and further experi- 
mental work has been carried out by 
Gumpertz.’ Apparently the pertinent phe- 
nomena are somewhat complex and are 
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influenced by many variables. The present 
paper deals with the prediction of the 
behavior of gravel screens under the con- 
ditions encountered in practice but does not 
attempt to discuss the experimental 
methods or results that were obtained as a 
background and upon which the prediction 
is based. 


INFLUENCE OF GRAVEL SCREENS UPON 
PRODUCTIVITY 


The use of a gravel screen may increase 
the productivity of a well by increasing its 
effective diameter, and this constitutes one 
of the objectives of its use. The perme- 
ability of most gravels and coarse sands 
that are employed in practice is so large 
compared to that of the sand in place that 
relatively little loss in production rate will 
arise from the use of material fine enough 
to cause the desired resistance to sand 
migration. For example, in Fig. 1 is de- 
picted the approximate variation in the 
permeability of closely sized spherical 
gravels under the conditions of packing 
likely to be encountered in screens. The 
dotted lines indicate the variation that 
might be found because of differences in 
packing. It should be realized that the 
permeability is not a single-valued function 
of the average grain diameter but is related 
to a large number of factors, including the 
size, the size distribution and the shapes of 
the particles. However, Fig. 1 does permit 
a rough estimation of the permeability of 
closely sized spherical gravels and shows 
that the permeability with even the 
smaller particles is very large compared to 
that of most petroleum production horizons. 


go EFFECTIVENESS OF GRAVEL SCREENS 


The influence of a gravel screen upon the meability of the formation to that of the 
productivity of a well having a liner of 4-in. screen. These results were obtained by 
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diameter is shown in Fig. 2. The curves application of the following expression, 
correspond to varying ratios of the per- which is based upon the assumption of 
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radial homogeneous isochoric viscous flow: 


Q _ ky) % (inte fen 2) [r]* 


lw ky lp 


Results from this equation indicate that 
the effectiveness in increasing productivity 
by means of a gravel screen with a par- 
ticular configuration increases as its perme- 
ability increases but at a decreasing rate. 
If the ratio of permeabilities is in the order 
of 25, there is little more to be gained by 
increasing the permeability of the screen 
even to a marked extent. Likewise, the 
effectiveness of a gravel screen increases 
_ with its diameter, but this effect also 
decreases in magnitude at larger diameters. 


SCREENING INFLUENCE OF GRAVELS 


The second objective of a gravel screen 
involving the retention of the particles of 
sand at the outer periphery of the screen is 
equally important to the increase in pro- 
duction resulting from its use. Further- 
more, in order to realize the first objective 
it is necessary that the gravel screen remain 
relatively free from sand. It is desirable 
therefore to predict the optimum size of 
gravel that should be used in order that 
nearly all of the sand body may be retained 
in the first several rows of gravel screen. 

The migration of sand particles through 
a coarser porous medium is a complex 
physical phenomenon and is influenced by 
such variables as particle size, size distri- 
bution, conditions of packing, size and size 
distribution of screening material, velocity 
of fluids flowing and their properties. It is 
desirable, so far as feasible, to take into 
account all of these parameters in pre- 
dicting the behavior of a gravel screen. 


THEORETICAL CONSIDERATIONS 


It is possible, on the basis of numerous 
simplifying assumptions, to predict in a 
general way the influence of the geometry 
of the screen upon its resistance to the 


* Nomenclature at the end of the paper. 


migration of solid material. However, the 
effect of hydrodynamic flow conditions can- 
not be so simply treated and must as yet 
be established experimentally. 


UNIT CELL UNIT VOID 


RHOMBOHEDRAL 
Fic. 3.—TypEs OF SYSTEMATIC PACKING. 


The conditions of packing of the screen- 
ing material exert a rather marked influ- 
ence upon the resistance of a gravel screen 
to the migration of solid particles, since the 
type of packing influences the size of the 
interstitial spaces to:a marked extent. 
Many “‘haphazard”’ types of packing may 
be encountered but the more probable 
cases of systematic packing are limited to 
three general types® shown in Fig. 3. As a 
simplification, it will be assumed that any 
packing is made up of these three funda- 
mental types in varying proportions. On 
the basis of this assumption, the porosity 
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of the gravel affords a simple macroscopic 
parameter, which may be employed to 
estimate approximately the statistical con- 
ditions of packing. This single parameter is 
insufficient to describe with accuracy the 
configuration obtaining but it does indicate 
in at least a qualitative fashion the nature 
of the interstitial spaces. 

The minimum interstitial spaces en- 
countered in passage through a unit cellé 
of cubic packing are subquadrilateral open- 
ings (Fig. 3), while in orthorhombic packing 
the openings on only two of the sets of 
opposite sides of the unit cell are sub- 
quadrilateral and the openings of the 

‘opposite set of faces are subtriangular. 
Therefore the probability is that two thirds 
of the transported particles may encounter 
subquadrilateral openings while one third 
encounter subtriangular openings. Rhom- 
bohedral packing yields subquadrilateral 
openings on only one set of opposite faces 
and subtriangular openings on the other 
two sets. If this type of packing persists 
throughout the body of porous material, 
the probability of encountering subquadri- 
lateral openings is one-third and of sub- 
triangular openings, two-thirds. 

If it is assumed that the porosity is a 
measure of the frequency of occurrence of 
these three types of packing, the prob- 
ability of encountering a particular type of 
interstitial opening may be related to this 
variable. Fig. 4 indicates the probability of 
encountering subquadrilateral and sub- 
triangular packing as a function of the 
porosity of a closely sized spherical gravel. 
The separation of the rows of packing may 
be considered to be a single-valued function 
of the porosity; the resulting relationship is 
depicted in Fig. 5. It is believed that the 
number of unit cells encountered in the 
passage of a sand particle through a gravel 
screen is large enough to make such simple 
probability considerations of engineering 
value. 

From a consideration of the geometry of 
subquadrilateral and subtriangular open- 


ings, the minimum number of particles re- 
quired to form a bridge in the interstitial 
spaces of a gravel has been ascertained 
approximately. It was found that at the 


RATIO OF GRAVEL TO SAND DIAMETER 


2 5 10 20 50 100 


MINIMUM NUMBER OF PARTICLES 
Fic. 6.—MINIMUM NUMBER OF PARTICLES TO 
FORM A BRIDGE. 


smaller ratios of gravel to sand diameters 
the relationships were discontinuous (Fig. 
6). However, at the higher ratios the results 
were sufficiently continuous to permit the 
use of a simple linear relationship. It is 
probable that with gravels containing a 
range of particle sizes it will be desirable to 
consider the continuous relationship indi- 
cated by the dotted line in Fig. 6 as a 
reasonable approximation of the actual 
behavior even at the ratios for smaller 
diameters. The data presented in Fig. 6 
indicate that the minimum number of 
particles required to form a bridge in a 
subquadrilateral opening is about eight 
times that required for a subtriangular 
opening involving the same size of gravel. 

The probability that a bridge will be 
formed as a result of the simultaneous 
appearance of the requisite number of 
particles at a particular opening decreases 
rapidly with an increase in the number of 
particles required. Experimental evidence 
indicates that this probability may be 
approximately expressed by the following 
equation, in which m represents the mini- 
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mum number of particles required to form a 


bridge: 
I\m 
P= (5) [2 


As indicated in Fig. 6, the number of 
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ing in a particular row of packing has been 
depicted as a function of porosity in Fig. 4. 
Therefore, the probability that a bridge 
will be formed with a minimum number of 
particles in the average unit cell of a 
particular row may be approximated by the 
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particles required to form a bridge varies 
markedly with the conditions of packing; 
therefore, on the basis of Eq. 2, the 
probability of the formation of a bridge 
would be expected to vary markedly. For 
example, with a ratio of 6 for the gravel- 
sand diameter, the probability of forming 
a bridge in a subtriangular opening is 
unity, while it is approximately 2.14 X 1075 
for a subquadrilateral opening. 

The probability P, or P, of encountering 
a subtriangular or a subquadrilateral open- 


following equation, in which m, and mp, 
represent the minimum number of particles 
required to form a bridge in subtriangular 
and subquadrilateral openings, respectively: 


P=P, (=) +P, (2) [3] 


Eq. 3 applies only to closely sized materials, 
which are not employed frequently in prac- 
tice. However, it may be expanded to in- 
clude material containing a range of 
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particle sizes by rewriting in the following 
approximate form: 


The quantity 2, in this equation is the 
weight fraction of material in the sand 
requiring less than m particles to form a 
bridge. In practice it is seldom necessary to 
carry the summation beyond a value of m 
‘greater than 5, since the series converges 
rapidly. 

Eq. 4 indicates the probability of the 
formation of a bridge in an average unit 
cell in a particular row by particles of the 
sand in question. The fraction of the unit 
cells in a particular row of packing not 
forming bridges—i.e., those transporting 
sand—may be established in the following 
way: 


If the lateral flow of the sand from the unit 
cell is neglected the influence of additional 
rows of material may be established easily. 
Flow through different rows must occur 
simultaneously, therefore it follows directly 
from probability considerations that in the 
gravel screen R rows from the sand-gravel 
interface the fraction of the unit cells that 
would be filled with sand may be expressed 
in the following way: 


Fp = (t—)* [6] 
If it is assumed still further that each 


bridge results in the same relative filling of 
the unit cell with sand, it is possible to 


relate the fraction of the cells filled to the 
sand content of the gravel screen. On this 
basis Eq. 6 may be rewritten as 


Ms = a(t — 7) 7] 


The constant a in Eq. 7 may be established 
from the sand content at the sand-gravel 
interface, for at the point where R is zero 
Eq. 7 becomes: 


n® =a [8] 


A combination of Eqs. 7 and 8 yields the 
following relationship for the sand content 
of the gravel screen if the ratio of the dis- 
tance from the sand-screen interface / 
to the spacing of the rows is substituted 
for R: 


l 
log m. = log n° + ~log (x — ) [ol 


This equation indicates that the logarithm 
of the sand concentration should decrease 
directly with the distance from the sand- 
gravel interface. It should be emphasized 
that in the derivation of Eq. 9 only the 
formation of bridges during the initial 
migration of the sand into the gravel screen 
has been taken into account. The influence 
of the movement of fluids through the 
screen with the attending breakdown of 
some bridges and the gradual formation of 
others has not been considered. 

Eq. 7 permits an evaluation of the size of 
the sand and gravel and size distribution of 
the sand in terms of a single parameter. It 
is unlikely that the actual behavior of a 
particular combination of sand and gravel 
would be a single-valued function of this 
relatively simple parameter but it does 
take into account in at least a qualitative 
fashion the important influences. In Fig. 7 
is depicted the estimated sand content of a 
gravel screen as a function of the distance 
from the sand-gravel interface for several 
values of y. In this instance, since there is 
such a wide variation in y, the negative 
logarithm of this quantity, — log y, has 
been employed. This figure indicates that 
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the sand content of the gravel screen may 
be reduced a hundredfold with 40 rows of 
packing, at all values of — log y less than 
unity. All of the information presented in 
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Fig. 7 is based solely upon the geometry of 
the sand and gravel and no regard has been 
given to the flow conditions. 

The influence of the packing of a gravel 
screen upon its effectiveness in preventing 
the migration of sand is presented in Fig. 8. 
In this diagram the relative thickness of a 
screen required to accomplish the same 
retention of an oil-field sand* is shown as a 
function of the porosity of the screen. A 
change in porosity of the gravel screen from 
30 to 4o per cent causes more than a three- 
fold increase in the thickness of the gravel 
screen necessary to accomplish the same 
result. This serves to indicate the impor- 
tance of satisfactory packing in the effective 
placement of gravel screens. 


*This sand exhibited a permeability of 22 
darcys at a porosity of 33.7 per cent and the 
cumulative weight per cent larger than a par- 
ticular sieve opening was as follows: 0.0232 in., 
0.46 per cent; 0.0164 in., 3.41 per cent; 0.0116 
in., 14.76 per cent; 0.0082 in., 54.52 per cent; 
0.0058 in,, 82.07 per cent; 0.0041 in., 91.42 per 
cent; 0 0029 in., 95.2 per cent. 


EXPERIMENTAL RESULTS 


It is impossible in the brief compass of a 
single paper to present the experimental 
results that were obtained. However, an 
outline of their nature and scope will permit 
some conclusions as to the applicability of 
these methods to practice. The experi- 
mental program had a twofold objective. 
The first purpose was to check the simple 


probability considerations that have been | 


presented as to the influence of the 
geometry of the sand and gravel upon the 
migration of sand through a gravel screen. 
Secondly, it was desired to ascertain the 
effect of the flow of fluids upon this 
migration, since such influence could not be 
predicted even approximately. 

The first part of the experimental pro- 
gram was restricted to the investigation of 
the movement of a homogeneous liquid 
through varying combinations of closely 
sized sand and gravels, of closely sized 
sands and lead or steel shot, and of natu- 
rally occurring oil-field sands and natural 
gravel, all under parallel flow conditions, 
The sand distribution in the gravel screen 
resulting from the passage of a homo- 
geneous fluid through the working section 
under prescribed conditions was deter- 
mined over a wide range of flow rates for 
each configuration of sand and screening 
material. A typical set of results with a 
naturally occurring sand and closely sized 
natural gravel is presented in Fig. 9. In this 


instance provision was made to prevent the - 


migration of the sand from the downstream 
end of the working section but throughout 
the entire region where measurements were 
made the logarithm of the weight fraction 
of sand varied in a linear fashion with 
distance from the sand-gravel interface. 
The velocities indicated are average values 
for the gross cross-sectional area and 
should not be confused with the pore or 
point velocity sometimes considered. As a 
matter of interest, the value of — log y 
corresponding to this combination of sand 


CRON ee Ee 


B. H. SAGE AND W. N. LACEY 97 


and gravel has been evaluated and the 
calculated sand distribution based upon 
Eq. 9 has been indicated by the dotted line. 

Similar types of information were ob- 


_ the effectiveness of a gravel screen, since 


the hydrodynamic conditions become of 
great importance in certain instances. 
In order to ascertain the rate of sand 
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Fic. 9.— DISTRIBUTION OF SAND IN GRAVEL SCREEN. 


tained in nearly one hundred sets of meas- 
urements except that combinations of sand 
and screening material resulting in large 
values of — log y yielded nonlinear semi- 
logarithmic relationships near the outlet 
of the working section as a result of the 
accumulation of sand that was not per- 
mitted to migrate from the section. In 
addition, 20 sets of measurements under 
radial flow conditions using a model gravel 
pack approximately 10.2 in. in diameter 
around a 4-in. liner with a penetration of 
8 in. yielded the same general trends indi- 
cated in Fig. 9. It is believed, therefore, 
that the semilogarithmic sand-content dis- 
tribution predicted on the basis of prob- 
ability considerations is descriptive of 
actuality over a wide variety of conditions, 
However, the predictions based upon 
geometry alone are insufficient to estimate 


migration through a gravel screen a series 
of measurements under radial flow condi- 
tions was made with arrangement for the 
removal of the sand after its migration 
through the gravel screen. The results 
obtained for a closely sized sand and three 
naturally occurring gravels are shownin 
Fig. 10. They indicate a gradual decrease 
of the sand concentration in the fluid 
leaving the section as the rate of flow is 
increased. This is followed by a rapid 
increase in concentration after a minimum 
value has been reached. The results ob- 
tained for an oil-field sand* and one of the 
same gravels have also been included in 
Fig. to. This case likewise shows the pro- 
nounced minimum that apparently is 
typical of the behavior of a wide variety of 
sand-gravel combinations. This rather com- 


* The characteristics of this sand are described in a 
footnote on page 8. 
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plex behavior may result from the simul- 
taneous existence of two counteracting 
effects in the movement of sand through 
gravel screens. The first involves the build- 
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time steadily increases as the rate of flow is 
increased. In each case the corresponding 
value of — log y has been indicated upon 
each of the curves and it shows a regular 
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ing up of additional bridges by the con- 
tinued passage of sand particles through the 
gravel screen; the second is the breakdown 
of these bridges by the larger dynamic 
forces acting on the sand particles as the 
velocity of fluid flow is increased. At low 
velocities this latter influence apparently is 
negligible but it is equal to the rate of 
formation of bridges at the minimum and 
rapidly overshadows the first influence at 
the higher velocities. It should be realized 
that although the concentration of sand in 
the liquid leaving the section goes through 
a minimum as the rate of flow is increased, 
the amount of sand transported per unit 


progression in accordance with the trans- 
portational characteristics of the combi- 
nations of sands and gravels presented here. 
The use of natural gravel has introduced 
a shape factor that was not taken 
into account in the earlier probability 
considerations. 

A series of 30 measurements involving 
viscosities from 70 X 107-® to nearly 
500 X 107® lb-sec. per square foot were 
made under parallel flow conditions em- 
ploying both closely sized and naturally 
occurring sands with two sizes of lead shot 
and two sizes of closely sized natural gravels 
under uniform conditions of packing. The 
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results were sufficient to indicate that the 
influence of the viscosity of the trans- 
porting fluid was significant. Nearly all of 
the results could be correlated within the 
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the flow pattern is independent of velocity, 
it is to be expected that an increase in 
the absolute viscosity would exert the same 
influence upon the movement of sand as 
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experimental uncertainties by considering 
the product of the macroscopic velocity 
and the absolute viscosity of the fluid as a 
single parameter to describe the influence 
of the hydrodynamic conditions upon 
migration of sand particles through a 
gravel screen as a result of the movement of 
homogeneous fluids. This type of corre- 
lation is in accord with the laws of viscous 
flow since the forces acting upon individual 
particles would increase directly with both 
the microscopic velocity and the absolute 
viscosity. Therefore, if it is assumed that 


would a corresponding relative increase in 
the macroscopic velocity if the influence of 
particle concentration in the flowing stream 
is neglected. 

Some experimental work was done under 
parallel flow conditions involving hetero- 
geneous mixtures of liquid and gaseous 
hydrocarbons. The results included a 
rather wide variation in the relative quan- 
tities of gas and liquid phases present and 
covered the range of velocity likely to be 
encountered in practice. The influence of 
heterogeneous mixtures apparently is com- 
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plex, especially with fine sands where sur- 
face forces become of comparable or greater 
magnitude than the macroscopic dynamic 
ones. However, in the great majority of 
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cases the influence of the gas phase appar- 
ently was primarily related to the resulting 
increased velocity of the liquid phase. As a 
first approximation, until further experi- 
mental information is available, it may be 
assumed that the influence of the gas phase 
may be described by considering the 
heterogeneous fluid as homogeneous with a 
viscosity equal to that of the liquid phase 
and moving at a velocity based upon the 
specific volume of the heterogeneous fluid 
at the state in question and the total cross- 
sectional area. This is only a rough approxi- 
mation, but it should be conservative and 
does permit the influence of a gas phase to 
be estimated. 


CORRELATION OF RESULTS 


From a consideration of the sand con- 
centration in the fluids leaving gravel 
screens, it may be observed that the 
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optimum operating conditions are close to 
the minimum value for the particular sand 
and gravel combination in question. If this 
situation is to be realized it becomes neces- 
sary to predict in advance of placement the 
range of flow rates likely to be encountered 
in future operations and to design a gravel 
screen to yield satisfactory results in this 
production interval. Furthermore, the 
influence of the viscosity of the oil and the 
relative quantities of liquid and gas phase 
under the conditions in question must be — 
taken into account. 

At the present state of knowledge the 
quantity — log y as established from Eq. 4 
is a satisfactory index of the influence of 
the geometry of the sand and gravel upon 
the migrational characteristics of the com- 
bination even though it neglects the in- 
fluence of the shape of both the sand and 
gravel. On this basis the influence of the 
various pertinent hydrodynamic factors 
may be considered by use of a function of 
this parameter. In Fig. 11 is presented the 
rate of production of a homogeneous liquid 
per foot of penetration corresponding to 
the threshold transportation point (i.e., the 
point of minimum sand concentration in 
the fluid leaving the screen) as a function 
of — log y. The two dotted curves indicate 
the range in which experimental values 
were obtained for a gravel screen 10.2 in. 
in diameter around a liner 4 in. in diameter. 

The behavior of gravel screens at veloci- 
ties below the threshold point is not of 
great concern, since the quantity of mate-. 
rial transported is small and probably the 
rate of transportation of sand would con- 
tinue to decrease with time as the flow was 
prolonged at these relatively low rates. 
However, above this threshold point the 
situation is a dynamic one and the influence 
of velocity becomes of primary concern. In 
Fig. 12 is presented the variation in the 
sand concentration with fluid velocity 
above the threshold point for a series of 
values of — log y. These data indicate that 
the influence of velocity is much less pro- 


B. H. SAGE AND W. N. LACEY 


nounced for small values of this parameter. 


Although a very simple relationship is de- 
picted in Fig. 12, other factors than those 


indicated undoubtedly influence the be- 


Tol 


mate relationship still has utility, since 
there is nearly a hundredfold variation in 
the concentration within the range of — log 
y of industrial interest. 
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havior; therefore the values shown should 
be. considered more as indications of 
quantitative trends than as exact data. 
The sand concentration in the fluid 
leaving the gravel screen at the threshold 
transportation point is influenced undoubt- 
edly by many factors other than the 
relative geometric configuration of the 
sand and gravel that is described approxi- 
mately by the parameter y. However, this 
factor does exert an important influence 
and an estimation of this sand concen- 
tration as a function of — log y is presented 
in Fig. 13. In this figure the limits of the 
experimental data have been indicated by 
the dotted curves while the more probable 
values have been presented as a full line. 
Although there is about a fourfold vari- 
ation in the indicated sand concentration at 
the threshold point within the limits of the 
experimental measurements, the approxi- 


A combination of the data presented in 
the previous three figures yields the 
relationship portrayed in Fig. 14. In this 
diagram the maximum rate of production 
per foot of penetration that may be ob- 
tained with a homogeneous fluid without 
exceeding a given sand concentration at 
velocities above that corresponding to the 
threshold point is presented as 2 function 
of — log y. It should be realized that sig- | 
nificant disagreements from these rela- 
tionships should be expected, since the 
parameter y does not take into account all 
of the factors pertaining to the geometric 
arrangement of the sand and gravel and 
these undoubtedly bear upon the rate of 
sand migration. 

It is believed that the sand concentra- 
tions f leaving two similar gravel screens 
A and B differing only in thickness may be 
related roughly in the following fashion: 


I02 
fa i fs 
C= (1 — ry)ia/s sae (x a ry 18/8 [10] 


Eq. 10 attempts to take into account only 
the influence of the thickness of the gravel 
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statistical nature of the background for 
Eq. 10, it is unlikely that satisfactory pre- 
dictions of the relative behavior of gravel 
screens containing less than five rows of 
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screen. The relative geometry of the sand 
and gravel introduces an effect in this con- 
nection which is taken into account by the 
value of y in the denominator of the 
expression. However, Eq. to will not yield 
results at all descriptive of actuality for 
materials exhibiting values of — log y less 
than o.5, but in such cases the concen- 
tration of sand within the fluid leaving the 
gravel screen is small enough to be unim- 
portant. This expression should not be 
considered as indicative of the situations 
obtaining at sand concentrations above 
2 lb. per cubic foot of fluid. Owing to the 


screening material can be obtained by its 


use. 

If the product of the viscosity and the 
velocity is a reasonable measure of the 
influence of the homogeneous fluid in 
inducing the migration of sand into the 
gravel screen, and if the use of the average 
velocity of the heterogeneous fluid mixture 
as a whole is a satisfactory measure of the 
influence of free gas, it is possible to con- 
sider both of these factors in a simple 
fashion. However, it should be realized 
that these quantities probably do not 
describe the actual situation with great 


¢ gD tow or 


: 
: 
- 4 


B. H. SAGE AND W. N. LACEY 


accuracy but do indicate the trends to be 
expected. 

The influence of these variables has been 
taken into account in the preparation of 
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information presented by the full curve in 
Fig. t may be described by the following 
relationship, which relates the diameter and 
the permeability of sands and gravels: 


Py 
400 DE x 107 


Fig. 15 by including them in the ordinate. 
Furthermore, the influence of the thickness 
of the gravel screen has been included by 
presenting curves for various values of the 
constant C in Eq. ro. On this basis it is 
possible to ascertain the value of y neces- 
sary to yield a satisfactorily low sand con- 
centration in the fluid entering the well for 
the conditions of operation expected. 

If it is assumed that the simple relation- 
ship of particle size and permeability por- 
trayed in Fig. 1 persists to the smaller sizes 
of sand, it is possible to estimate the in- 
fluence of gravel packing upon the pro- 
ductivity of a well as a function of y. The 
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log #2 =e) log $ {r1] 


Upon the basis of a formation sind and a 
screening material, each composed only of 
closely sized particles, the relative produc- 
tivity of a well may be computed as a 
function of y from this expression. The 
results of such calculations are presented in 
Fig. 16, and indicate that there is little if 
any gain in the relative well production due 
to increasing the value of — log y above o.5. 
Furthermore, values of — log y in the 
neighborhood of zero yield values of rela- 
tive production only about 1o per cent 
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below those for large values of this param- 
eter corresponding to an exceedingly coarse 
gravel. The full curves in Fig. 16 are based 
upon closely sized sand, while naturally 
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a value of — log y near zero. Such consider- 
ations indicate that gravels yielding values 
of — log y greater than 0.5 may be em- 
ployed without significant decrease in pro- 
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occurring sands that contain a wide range 
of particle sizes would more closely 
approximate the dotted curves presented 
in the figure. These curves indicate that an 
even smaller decrease in relative production 
would result from the use of gravel yielding 


duction as compared to that resulting from 
the use of a coarser gravel screen. 


DESIGN OF SUITABLE GRAVEL SCREENS 


The following discussion relates to the 
illustrative application of the data hereto- 
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fore presented to the estimation of the 
optimum diameter of gravel to be employed 
in a particular hypothetical situation. An 
attempt is made to include the influence of 
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fluid velocity, viscosity, gas-oil ratio, 
formation pressure and temperature, size 
and condition of gravel packing and the 
nature of the formation sand. 

It will be considered that the objective 
of the gravel installation is to place a screen 
between the liner and the well bore 
throughout the production interval in such 
a manner that it will maintain the sand 
concentration less than o.o1 lb. per cubic 
foot in the liquid phase entering the liner. 
The assumed subsurface conditions for the 
fictitious well are recorded in a part of 
Table 1, while a sieve analysis of the sand 
obtained from the formation is presented in 
Fig. 17. Furthermore, it has been assumed 
that available formation-volume data’ are 
applicable but the viscosity of the liquid 
phase under reservoir conditions has been 
taken at a somewhat higher value than that 
of the fluids employed in the experimental 
investigation from which the data were 
taken. 

From the conditions and information 
presented in the upper part of Table 1, the 


ordinate of Fig. 15 was computed and is 


—r 
ae i 


recorded in the lower part of the same 
table. In order to obtain a gravel screen 
that would yield a minimum sand concen- 
tration at the estimated rate of production, 
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it follows from Fig. 15 that a value of 
— log y of approximately 1.1 should be 
employed, which corresponds to a value of 
7 of approximately o.1. The trial solution 
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of Eq. 4, making use of the information pre- 
sented in Fig. 6 and the sand analysis of 
Fig. 17, yielded the relationship between the 


TABLE 1.—Assumed Well Conditions 


Subsurface temperature, deg. F.......... 220 
Subsurface pressure, lb. per sq.in........ 2000 
Gas-oil ratio, cu. ft. per bbl)... 64... 62 cc. 730 
Rate of production, bbl. per day........ 2000 
Diameter of well bore, in... Wy. ica eceuie 16 


Diameter os dimer sinless .scetensa)saelserstese ¢ 6 


Effective penetration, ft...... 0.0% Ja.sss 8.5 
Porosity of gravel screen, per cent....... to) 
Estimated subsurface properties of fluid: , 
Pormation volume...) «5 >-<1« «1s sees) 0 Ta75 
Viseosity of liquid phase, lb. sec. per 
Se Elton icin So eect TOE DOC 80 
Calcdinted quantities: 
a SGeLOSi Per AGO ai. stata clave: t ets oP oie 61.5 
Hate vee e cians ty ted kena vorberareva. Aiea chatekaie o.t 
Ana lenees of gravel screen J, in........ 5 
Diameter of gravel particles an ile 0.084 
Spacing of gravel screen S, in. os 0.0739 
Rows of gravel packing, 1/. SS canalGuelabsie eve 
(= aery) OS irae cakes st oreo ope state elnip) staets sa as 0.0012 


diameter of the gravel particles and y that 
is presented in Fig. 18. From this it follows 
that a value of y of 0.1 corresponds in this 
instance to a gravel diameter of 0.085 in. 
On the basis of the available thickness of 
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the screen at an assumed porosity of 40 per 
cent, Fig. 5 indicates that it will be possible 
to obtain 68 rows of packing, which yields 
a value of (1 — y) of 0.0012. From this 
information it is possible to estimate the 
sand concentration in the fluid entering the 
well as a function of the rate of production 
from the data presented in Fig. 10. The 
results are indicated by the full curve in 
Fig. 19. The full curve has been terminated 
at the threshold transportation point, 
since these methods are not applicable at 
flow rates below this point. These data, 
together with experimental measurements 
at flow rates below the threshold value, 
such as are presented in a part of Fig. 10, 
indicate sand concentrations below o.o1 |b. 
per cu. ft. for rates of production between 
100 and gooo bbl. per day. The behavior 
below the threshold transportation point is 
somewhat uncertain but the estimated 
initial concentration has been indicated by 
the dotted curve. In general, experimental 
evidence indicates that there will be a 
gradual accumulation of sand in the inter- 
stices of the gravel screen, which will 
inhibit its further migration into the well, 
and the sand concentration at low rates of 
flow may be below the minimum value 
indicated in Fig. 19. Recourse to Fig. 7 
indicates a sand content in the screen 
adjacent to the liner of approximately 
0.0002 weight fraction. This low concen- 
tration of sand adjacent to the liner would 
be increased somewhat at the higher rates 
of oil production. The use of this fine gravel 
does not decrease the productivity of the 
well significantly below that which might be 
obtained if a much coarser gravel were 
utilized. 
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NOMENCLATURE 


Constant. 
Parameter of Fig. 15, f/(1 — y)*. 
Diameter of gravel screen, ft. 
Diameter of gravel particle, in. 
Diameter of sand particle, in. 
Penetration of well—i.e., vertical distance 
exposed to sand, ft. 
Sand concentration in fluid entering well, 
lb. per cu. ft. 
Fraction of unit cells in particular row of 
packing remaining unbridged. 
Permeability of gravel screen, darcys. 
Permeability of sand body, darcys. 
Distance from sand-screen interface, in. 
Number of particles required to form a 
bridge. 
mg Number of particles required to form a 
bridge in a subquadrilateral opening. 
m: Number of particles required to form a 
bridge in a subtriangular opening. 
nm Weight fraction of the sand requiring not 
more than m particles to form a bridge 
in a given opening. 

ns Weight fraction of sand in screen. 

ns° Weight fraction of sand in screen at sand- 
screen interface. 

P, Probability of encountering a subquad- 
rilateral opening in entering a unit cell. 

P; Probability of encountering a _ subtri- 
angular opening in entering a unit cell. 

Q Oil production of well, bbl. per day. 

Q* Oil production of well without gravel 
screen, bbl. per day. 

R Number of a row of packing particles in 
screen, starting from sand-gravel inter- 
face. 

Yb ae of external boundary of formation, 
te. 

rp Radius of external boundary of gravel 
screen, ft. 

Y» Radius of internal boundary of gravel 
screen, ft. 

S Spacing of rows of packing in screen, in. 

v Formation volume. 

y Probability of forming a bridge in a unit 

cell in a particular row of the screen. 
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Mechanism of Fluid Displacement in Sands 


By S. E. Bucktey anp M. C. Levererr,* Mempers A.I.M.E. 
(New York Meeting, February 1941) 


THE production of oil is accomplished as a 
result of its displacement from the reservoir by 
either gas or water, and the amount of oil re- 
covery is limited by the extent to which the 
displacing gas or water accumulates. This 
paper describes the mechanism by which the 
displacement is effected and the advantages of 
water over gas as a displacing agent. In the light 

_ of the results of experimental observations of 
the flow of mixtures of oil and/or gas and/or 
water through sands, certain conclusions are 
drawn relative to the changing character of the 
displacement as depletion proceeds, and on 
the effects of the properties of the fluids and 
of producing conditions on the ultimate oil 
recovery. 


INTRODUCTION 


Crude oil has no inherent ability to 
expel itself from the pores of the reservoir 
rocks in which it is found; rather, it must be 
forcibly ejected or displaced by the ac- 
cumulation of other fluids. Accordingly, a 
knowledge of the mechanism by which one 
fluid is displaced by another is essential to 
an understanding of the fundamental 
_ process by which oil is recovered. 

The displacing fluids normally available 
are gas and water, either or both of which 
may exist originally associated with the oil 
in a potentially usable form or may be 
supplied to the reservoir from external 
sources. Gas is present in most oil reser- 
voirs. If the quantity is relatively small, it 
may exist originally completely dissolved in 
the oil, but if the quantity exceeds that 
which may be held in solution by the oil at 
the prevailing pressure, the excess will be 
found in the free state. Most reservoir 


Manuscript received at the office of the Institute 
Jatt O; LOA. eon a T.P. 1337 in PETROLEUM 


TECHNOLOGY, May 
* Humble Oil & Retoing Co., Houston, Texas, 


sands appear to contain some water,! andin 
the majority of fields the oil is trapped in 
the structure and held over water. In certain 
conditions the entrapping water may ad- 
vance into the oil zone and displace the oil 
therefrom. 

This paper describes in a qualitative 
manner some of the characteristics of the 
displacement of oil by either gas or water, 
with an attempt to elucidate somewhat the 
mechanism by which such displacement is 
effected. 


ROLE OF DISSOLVED GAS 


When the pressure on an oil containing 
dissolved gas is reduced to the saturation or 
bubble-point pressure, gas escapes from 
solution and expands, imparting to the oil- 
gas mixture a high degree of expansibility 
and causing it to flow in the direction of 
reduced pressure. This expansibility has 
frequently been attributed to the oil; closer 
analysis, however, reveals that as gas 
escapes from solution the oil phase actually 
contracts. Hence, it is the accumulation 
and expansion of the liberated gas that 
supplies the propelling force for the oil. 

It has been shown experimentally?~* that 
within certain limits a sand containing oil, 
gas.and water will permit the simultaneous 
flow of all three; the readiness with which 
they may flow depends upon the character- 
istics of the sand, of each of the fluids, and 
upon the relative amounts of the fluids in 
the sand. Thus, in the initial stages of 
production by the mechanism of dissolved 
gas drive, the liberated gas is present in the 
sand in low concentration and is unable to 


1 References are at the end of the paper. 
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flow because of the low permeability of the 
sand to gas, with the result that the initial 
produced gas-oil ratio is substantially equal 
to the dissolved ratio. As the gas saturation 
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TIVE PERMEABILITIES TO WATER AND OIL IN 
UNCONSOLIDATED SANDS. 


in the sand increases, owing both to 
augmentation by the release of additional 
gas from the oil and by expansion of the pre- 
viously liberated gas as a result of further 
decline in reservoir pressure, the permeabil- 
ity of the sand to oil rapidly decreases while 
the permeability to gas simultaneously 
increases, permitting the gas to flow along 
with the oil and escape. The period of low 
produced gas-oil ratio is therefore followed 
by a period of rapidly increasing ratio dur- 
ing which a major part of the original store 
of dissolved gas is dissipated. As exhaus- 
tion of the reservoir proceeds, the permeabil- 
ity of the sand to gas continues to increase 
and the permeability to oil to decrease; 
however, in the final stages of depletion 
the decline in reservoir pressure offsets 
the changes in permeability by virtue of the 
fact that whereas the volume of gas flowing 
in the sand per unit of oil flowing is still 
increasing continuously, the actual weight 
or amount of gas contained in unit volume 
is decreasing, with the result that the 
produced gas-oil ratio, with the gas volume 
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corrected to a standard base pressure, 
passes through a maximum and thereafter 
declines. 

Production from a reservoir by the mecha- 
nism of dissolved-gas drive alone is thus 
characterized by low initial gas-oil ratio, 
followed by rapid increase to a maximum 
ratio, with a declining ratio as the supply of 
gas and the pressure approach exhaustion. 
This mechanism is fundamentally ineffi- 


cient and the amount of oil that can be © 


recovered thereby is seriously limited. This 
inefficiency arises from the following 
conditions: 

1. The oil saturation decreases and the 
gas saturation increases simultaneously and 
more or less uniformly throughout the 
reservoir. 

2. The displacing fluid is thus able to 
compete for production on an equal basis 
with the oil. 

3. Since the gas is disseminated through- 
out the oil sand, it cannot be excluded by 
mechanical means from the oil-producing 
wells. 

It is thus a natural and unavoidable 
result that by this mechanism the gas is 
completely dissipated, leaving in the 
reservoir no force other than gravity to 
expel the remaining oil. Production by 
gravity drainage alone, although in some 
reservoirs it may in time lead to substantial 
oil recovery, is usually exceedingly slow. 


DYNAMICS OF DISPLACEMENT BY FREE 
GAS OR BY WATER 


Under certain conditions, particularly at 
very low rates of production and in 
highly permeable sands, vertical segrega- 
tion brought about by gravitational forces 
may be superimposed upon the dissolved- 
gas drive mechanism, leading to the forma- 
tion in the upper part of a structure of 
“free gas” zones, which in reality are zones 
of higher gas saturation and lower oil 
saturation than exist in the lower part of 
the reservoir. Such segregation leads to the 


ep eG 


a YF 


Pp ise sere me it Nn mn tne amare om LO hl Ce hs am eh ® ome ome 


S. E. BUCKLEY AND M. C. LEVERETT 


possibility of some degree of mechanical 
selection in production. 

If the areas of high gas saturation can be 
made to increase in extent through con- 
tinued segregation or by the return of 
produced gas to the reservoir, and con- 
trolled by production of only the wells low 
on structure, a displacement of oil in the 
reservoir may be effected during which the 
area of high gas saturation will encroach 
on the area of high oil saturation until the 
latter becomes too small to permit effective 
control of the gas production. During the 
final stages of production, the gas again will 
be dissipated, but the deferment of such 
‘dissipation and the increased gas ac- 
cumulation brought about thereby will 
increase correspondingly the quantity of 
oil produced. 

The mechanism by which the area of high 
gas saturation invades the area of high oil 
saturation is very similar to that by which 
water encroaches into and displaces oil from 
a sand. In either case the displacing fluid 
moves from a region of high saturation into 
one of lower saturation and in so doing 
removes oil and converts the invaded 
region to one higher in saturation of the 
displacing fluid. It should be borne con- 
tinuously in mind that whether the dis- 
placing fluid be gas or water it does not 
behave as a piston ejecting oil from the 
pores and occupying the space vacated, but 
that in all cases both the oil and the 
displacing fluid flow together and simul- 
taneously through the same pores. Dis- 
placement, therefore, can never be complete. 
The actual amount of oil displacement 
during the process depends upon the rela- 
tive ease with which the two fluids can 
move. As mentioned previously, the 
readiness with which a fluid flows through 
a sand increases with its saturation in the 
sand. Hence, as displacement begins, the 
oil saturation in the sand may be high and 
the saturation of the displacing fluid may 
be low; oil will flow readily and the dis- 
placing fluid to a small extent only, if at all. 
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At this stage, the displacing fluid will be 
almost roo per cent effective. As displace- 
ment proceeds the permeability of the 
sand to oil will continuously decrease 
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and the permeability to the displacing 
fluid will continuously increase, until 
during the latter part of the process large 
volumes of displacing fluid will effect re- 
moval of only a slight amount of additional 
oil. The oil recovery obviously is determined 
by the availability of the displacing 
fluid and by its net accumulation during 
the displacement process. 

At this stage in the process, the net rate 
of accumulation of the displacing fluid, 
which is equal to the net oil displacement, is 
proportional to the difference between the 
rate at which the displacing fluid enters 
the sand and that at which it leaves. If we 
confine our attention to unidirectional flow 
through a small element of sand within a 
continuous sand body, the foregoing may 
be expressed algebraically by a material 
balance equation, as follows: 


Os 3) 
Gira Ge © 
where Sp = saturation i displacing fluid 
6 = time 
u = distance along path of flow 


qr = total rate of flow through 
section 
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= porosity 
cross-sectional area 
fo = fraction of flowing stream 
comprising displacing fluid 
This equation may be transformed to 


(3 Sp = 3A Gee [2] 


which states that the rate of advance of a 
plane that has a certain fixed saturation is 
proportional to the change in composition 
of the flowing stream caused by a small 
change in the saturation of the displacing 
fluid. 

If, for simplicity, we neglect for the time 
being effects due to gravity and to capillary 
pressure differences, fp, the fraction of 
displacing fluid in the flowing stream at any 
point, is related to the properties of the 
system by the equation 


= 
| 


fo= ee 


where Ko and Kp are the permeabilities 
of the sand to oil and to the displacing 
fluid, and po and up are the viscosities of the 
two, respectively. Since the relations be- 
tween the relative permeabilities of a sand 
to oil, gas, and water and the respective 
saturations have been determined experi- 
mentally for several sands, including a 
consolidated sandstone,?-> it is possible 
from equation 3 and the experimentally 
determined permeability ratios to derive 
the relation between fp and Sp and thence 


Ofp 
between se and Sp for a given system. In 


the absence of capillary and gravitational 
effects, fp for a given sand and fluids varies 
only slightly with factors other than Sp, 
and it may be assumed that under these 


) 
conditions op is also uniquely related to 


Sp, being constant for fixed Sp. Referring 
back to equation 2, it may be seen that a 
plane at which the saturation is Sp moves 
along the path of flow at a constant 


dfp 


velocity equal to => ps v1 aSp - The basic equa- 


tion relating position along the path of 
flow, saturation, and time then may be 
written 
dfp 
Ay = oA ass) ay la] 
or, in terms of Q7z, the total amount of 
displacing fluid entering the system: 


= [5] 


As an example of the application of this 
equation to the qualitative determination 
of the course of a displacement, a typical 
example will be worked out for the satura- 
tion distributions during the flooding of a 
sand section by water. 

Fig. 1 shows the experimentally deter- 
mined relation between Ko, Kw, and Sy» 
for a typical unconsolidated sand con- 
taining only water and oil. 

Fig. 2 shows the relation between fy and 


Sw» and between fm and S, assuming the 


ratio of the viscosity of the oil to that of 
water to be 2.0. 

Fig. 3 shows the initial vertical distribu- 
tion of water and oil in the sand, calculated 
from experimentally determined relations 
between capillary pressure and saturation 
and assuming the following: sand permea- 
bility, 1 darcy; sand porosity, 25 per cent; 
interfacial tension w—o, 35 dynes per 


cm.; density difference w — 0, 0.3 gm. per 


cubic centimeter. 

The water saturation at any point in 
the sand after the entry of a quantity of 
water Q; is obtained graphically by laying 
off at any saturation S,, on the curve of 
saturation vs. distance shown in Fig. 3 a 
line a parallel to the distance, u, axis and 


Qr dfwy 
Ad dS... The ends of a 


succession of such lines are then joined by a 
smooth curve representing the new curve for 
water saturation vs. distance. The construc- 
tion of the new curve is illustrated in Fig. 3. 
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The new computed curve is S-shaped 
and is triple-valued over a portion of its 
length, obviously a physical impossibility. 
The correct interpretation is that a portion 
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though in the regions of gradual transition 
of saturation with distance the capillary 
pressure gradient may be small in compari- 
son to the other forces, at any saturation 
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of the curve is imaginary and that the real 
saturation-distance curve is discontinuous. 
The imaginary part of the curve is dotted in 
Fig. 3 and the real distribution curve is 
shown by the solid line labeled Q:, dis- 
continuous at “;. The position of the plane 
uw, is determined by a material balance, the 
shaded area between the original and the 


new saturation curve being equal to o 
In any actual displacement of oil from 
sand by gas or water, no such saturation 
discontinuity as that indicated in Fig. 3 
can exist in a uniform sand. The capillary 
forces arising from the interfacial tension 
between oil and the displacing fluid and 
the curvature of the interfaces in the sand 
tend in all cases to maintain uniform 
saturation throughout any continuous 
homogeneous sand body. The degree of 
equalization obtained depends upon the 
combined effects of the capillary pressure 
gradient, gravitational pressure gradient, 
and the impressed pressure gradient. Al- 


discontinuity the capillary pressure gradi- 
ent would become exceedingly large, with 
the result that the plane of saturation 
discontinuity would be converted into a 
zone of more gradual transition in satura- 
tion, the width of the zone depending for a 
given system primarily upon the rate of 
displacement. For many cases a slight 
rounding off of the corners of the curve 
illustrated in Fig. 3 will represent a reason- 
able approximation to the conditions 
encountered in practice. 


INITIAL AND SUBORDINATE PHASES OF 
DISPLACEMENT 


Fig. 3 indicates that at a plane in the 
sand some distance away from the point of 
entry of the water, no substantial change 
in the water saturation results as the 
water first advances. Then a very rapid 
rise in water saturation takes place as 
the transition zone reaches and passes the 
plane. This period of rapid increase of water 
saturation may be considered the initial 
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phase of the displacement. During this 
phase the displacement is quite effective; 
most of the water reaching the plane re- 
mains in the sand, ejecting oil. Following 
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Cumulative Volume Water 
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ceases and the oil that remains is unrecover- 
able. The quantity of unrecoverable oil has 
been referred to as the residual oil and is a 
useful index to the recovery efficiency. °® 
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this period further increase in water satura- 
tion is much more gradual. This final period 
of gradual water accumulation may be 
termed the subordinate phase of the dis- 
placement. During this period water flows 
more readily than does the oil, so that 
relatively large volumes of water flowing 
through the sand effect the removal of only 
small and continuously decreasing volumes 
of oil. 

The course of a typical water flood is 
illustrated in Fig. 4, in which curves are 
shown for the water saturation-distance 
distribution at successive periods during the 
displacement. The gradual increase in 
water saturation and decrease in oil satura- 
tion during the subordinate phase of the 
displacement may be seen from the progres- 
sively increasing volumes of water required 
to effect minor saturation changes during 
the later stages. As the ratio of the oil 
permeability of the sand to the water 
permeability approaches zero with decreas- 
ing oil saturation, flow of oil eventually 


CoNnDITIONS AFFECTING RELATIVE 
MAGNITUDES OF INITIAL AND 
SUBORDINATE PHASES OF 
DISPLACEMENT 


Viscosity.—Since the rate of advance of a 
plane of given water saturation is directly 


proportional to ie, and since fy is related 
to the ratio of the viscosity of oil to that of 
water as well as to the relative permeabili- 


ties of the sand to oil and to water, the 


course of the curves of water saturation vs. - 


distance is influenced by the oil viscosity. 
The more viscous the oil, the less readily it 
flows under a given pressure gradient. 
Increased oil viscosity therefore results in 
the attainment of a lower water saturation 
during the initial phase of the displacement 
as well as a more gradual approach to the 
residual oil saturation during the subordi- 
nate phase of the displacement. The cal- 
culated effect of the ratio of the viscosity of 
the oil to that of water on the water satura- 
tion reached during the initial phase of the 
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displacement in a typical sand is shown in 
Fig. s. 

The effect of viscosity is best illustrated 
by the differences between displacement by 
free gas, such as occurs with an expanding 
gas cap or as a result of gas injection in gas- 
drive operations, and that by water drive. 
In Fig. 6 are shown the gas saturation- 
distance curves after the admission of 
various amounts of gas, calculated for a 
typical sand assuming a viscosity ratio of 
gas to oil of 0.009. During the initial phase 
of the displacement the gas saturation 
attains a value of only about 15 per cent of 
the pore space as contrasted to a compara- 
ble water saturation of about 60 per cent for 
an oil of the same viscosity. 

Effect of Initial Fluid Saturation —lf 
before invasion by the displacing fluid 
the saturation of the displacing fluid in 
the sand exceeds that which would be 
obtained during the initial phase of the 
displacement, this phase will be absent 
and only the subordinate phase will occur. 
Such a condition would be encountered 
in a water-drive operation where the 
original or connate-water content of the 
sand is excessive and in practice is most 
likely to be met in tight sands, with 
viscous oils, or in thin oil sands immediately 
overlying water. It is not possible to 
produce oil free from water in the part 
of the sand where this condition prevails. 

In gas-drive operations such a condition 
is found if prior to the injection of gas the 
_ reservoir pressure has declined to such an 
extent as to permit the accumulation of gas 
released from solution in the oil to an 
amount exceeding the saturation that 
would be attained during the initial phase 
of the displacement. Such a condition is 
almost invariably encountered in gas-drive 
operations inaugurated late in the life of a 
field or after primary exhaustion. Fig. 7 
illustrates the variations in produced gas- 
oil ratio that would occur under: (a) dis- 
placement by gas at the original reservoir 
pressure, and (5) displacement by gas after 
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appreciable decline in reservoir pressure. 
In the first instance the produced gas-oil 
ratio remains equal to that dissolved in the 
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oil until the gas front reaches a producing 
well, when a sudden increase in the ratio 
occurs during the initial phase of the dis- 
placement, followed thereafter by a con- 
tinuous increase in ratio. In the second 
instance the produced gas-oil ratio follows 
the typical course of production by dis- 
solved-gas drive prior to the start of the gas 
injection. The injection of gas halts the 
natural increase in ratio until such time as 
the injected gas reaches the producing wells, 
when the gas-oil ratio begins to increase 
continuously at an accelerating rate. The 
initial phase is absent and only the subordi- 
nate phase of the displacement occurs. 

No generalizations are possible| concern- 
ing the advantages of either method of 
operation over the other; however, for 
any given set of conditions it should 
be possible to determine the relationship 
between gas-oil ratio, pressure, and 
production with sufficient accuracy to 
determine an economically sound program 
of operation. 

Capillary and Gravitational Effects.— 
Capillary forces tend to oppose the for- 
mation of saturation discontinuities in a 
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homogeneous sand, while gravitational 
forces tend to promote complete vertical 
segregation of oil, gas, and water. Thus in 
any reservoir in which water is advancing 
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degrees of heterogeneity are encountered 
in natural reservoirs, ranging from more or 
less definite sand layers, each relatively 
uniform within itself but different in tex- 
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upward or gas downward to displace oil, 
the capillary and gravitational effects 
oppose each other and tend somewhat to 
cancel. At high rates of displacement the 
frictional forces may exceed both, with the 
result that their effects are obscured and 
the flow is regulated primarily by the relative 
permeabilities and viscosities as was indi- 
cated in equation 3. At extremely low 
displacement rates, however, the frictional 
forces may be negligible and the balance 
between capillary and gravitational forces 
control the saturation distribution. In 
this case the vertical distribution in the 
reservoir may remain substantially similar 
to that obtained under static conditions, in 
which the capillary pressure is constant at a 
given depth and the entire reservoir is in 
capillary-gravitational equilibrium.” 


CAPILLARY EFFEcTs IN HETEROGENEOUS 
SANDS 


The effects of capillary forces are most 
noticeable in the production by water drive 
of reservoirs containing intercommunicat- 
ing sands of variable permeability. All 


ture and permeability from adjacent beds, 
to conditions such as more permeable or 
less permeable zones or lenses within a 
continuous sand. These lenses may be so 
small and so numerous as to constitute, 
together with the enclosing sand, a bed of 
very irregular properties, or they may 
be large and fairly uniform within them- 
selves. Since the recovery from the reservoir 
as a whole depends upon the efficiency with 
which all parts of the sand are flushed, a 
study of the mechanism by which water 
penetrates and floods irregular sand bodies 
is extremely important. 

Prior to production the reservoir may be 
assumed to be in capillary equilibrium; i.e., 
at the same horizontal level the capillary 
pressure is the same in all sands and the 
capillary pressure and gravity are balanced 
vertically. At equilibrium the water satura- 
tion throughout the reservoir is not uni- 
form, but at the same level is greater in 
the finer, less permeable sands. When water 
advances into the reservoir as a result of oil 
production, the level of zero capillary pres- 
sure rises, creating a tendency for the 
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water saturation throughout the reservoir 
to increase in order to attain a new balance 
between capillary pressure and _ gravity. 
The relationship between capillary pres- 
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efficiency to the rate of production, or to 
any of the other pertinent variables. The 
factors involved, however, may be illus- 
trated in a qualitative fashion by consider- 
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sure, water saturation, and permeability 
is such that the tendency is for the fine 
sands always to maintain higher water 
saturations at equilibrium than the ad- 
jacent coarse sands at the same level. 

The complexity of natural reservoirs pro- 
hibits the formulation of any single quan- 
titative expression relating over-all flushing 


ing the behavior of a small lens of tight, fine 
sand embedded in a coarse, more permeable 
sand at some distance above the original 
water table. If the rate of production is 
such that the water table rises slowly 
enough to permit the maintenance of capil- 
lary equilibrium, the water saturation in 
the coarse sand will gradually increase 
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simultaneously with the rise in the water 
table. As the water saturation in the 


adjacent coarse sand increases, the tight 
lens will imbibe water and expel oil, both 


b-High Production Rate 


"Fic. 8.—Errect OF PRODUCTION RATE ON 
FLOODING OF OIL BY WATER FROM A LOW- 
PERMEABILITY LENS. 
by absorbing water at the bottom and 
expelling oil at the top and by counterflow 
of water and oil over the entire surface of 
the lens, tending always to maintain a 
higher water saturation than that reached 
by the surrounding coarse sand. Thus the 
tight sand will at all times be more com- 
pletely flushed than the coarse sand and 
will become depleted while oil is still flowing 
in the surrounding sand. 

The higher the rate of production the 
more nearly the advancing water table 
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assumes the sharp front described in the 
first part of this paper. Instead of a con- 
tinuous increase in water saturation, no 
sensible increase takes place until just be- 
fore the advancing water front reaches a 
given position, whereupon the water satu- 
ration rises rapidly during the initial phase 
of the displacement. Under such conditions 
the tight lens just considered will have no 
opportunity to imbibe -water from the 
beginning of production, but will become 
somewhat suddenly surrounded by a zone 
of high water saturation when it is reached 
by the flood. Oil may then escape from the 
tight sand exclusively by counterflow of 
water and oil between the two sands, an 
exchange that is slow at best. Furthermore, 
any oil that escapes from the tight lens may 
enter the surrounding coarse sand so slowly 
and into a region of such high water satura- 
tion that this oil will not be recovered. Thus, 
although in time the lens undoubtedly will 
expel its oil and become substantially 
water-saturated, as a practical matter it 
may be considered that the oil was trapped 
and lost. The conditions under both low 
and high displacement rates are illustrated 
in Fig. 8. For this particular situation, it 
is evident that the slower the rate of 
water advance, the higher the recovery. 
It is readily apparent that in any natural 
reservoir composed of heterogeneous sands 
the over-all recovery is related to the rate 
of advance of the water. The magni- 
tude of the effect depends upon the degree 


and nature of the irregularities of the sand’ 


and upon the viscosity of the oil. 
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Control of Filtration Characteristics of Salt-water Muds 


By G, R. Gray,* Mremper A.I.M.E., J. L. Fosrer* anp T. S. Cuapman* 


(New York Meeting, February 1941) 


THE wall-building properties of salt-water 
drilling muds can be improved markedly by the 
addition of: (1) natural gums, such as traga- 
canth, karaya, and ghatti; (2) seaweeds, such 
as Irish moss; or (3) gelatinized starch. Results 
of laboratory tests have been confirmed by field 
trials. For drilling operations in which the mud 
-becomes contaminated by salt, either through 
penetrating salt-bearing rocks or by addition of 
sea water to the mud, the added cost resulting 
from the use of one of the substances listed 
above is more than offset by freedom from 
stuck drill pipe and ease in running casing. 


INTRODUCTION 


It has been recognized for many years 
that oil production might be seriously 
hampered by infiltration of water from the 
drilling mud.'~* As knowledge of the 
mechanism of the wall-building process 
advanced, methods were developed for 
evaluating the filtration characteristics of 
muds.5-4 

The wall-building properties of fresh- 
water muds are commonly regulated by the 
addition of bentonitic clays, or of agents to 
promote the dispersion of the natural mud 
solids. When strata bearing soluble salts 
are encountered in the course of drilling, 
the salts are incorporated in the mud; the 
clay solids are flocculated and water loss is 
increased tremendously. Methods gen- 
erally used in controlling filtration of fresh- 
water muds are no longer applicable. 

The problem of reducing water loss from 
salt-water muds is not confined to any 
particular area, but is acute in parts of 
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West Texas. Salt beds several hundred 
feet thick must be penetrated before the 
oil-bearing formation is reached. Since the 
formation drilled does not provide mud- 
making material, it is necessary to use large 
quantities of commercial clays, and even 
the best commercial clay does not afford 
relief from the problem of high filtration. 
A laboratory study has been made of 
methods of improving the filtration char- 
acteristics of salt-water muds, and some of 
the methods have been used in field practice. 


LABORATORY INVESTIGATIONS 
Procedure 


Inasmuch as the immediate object of the 
investigation was the development of 
means of improving the wall-building 
properties of muds used in West Texas, 
an attempt was made to employ muds in 
the laboratory study comparable to those 
in field use. Samples of muds used in 
drilling the producing formations in six 
wells were secured. The properties of these 
samples are summarized in Table 1, which 
lists the densities, viscosities, filtrations, 
and analyses of the filtrates for calcium, 
chloride, and sulphate. Viscosity was 
measured in the Stormer viscosimeter at 
600 r.p.m. Water loss was determined at 
80°F. with the Baroid low-pressure wall- 
building tester® at a pressure of 100 lb. 
per sq. in. Filtration rates are considerably 
higher than those of usual fresh-water 
muds, which amount to about 20 c.c. in 
30 min. Water loss was so rapid in samples 
4, 5 and 6 that filtration was complete in 
less than ro min. and the values for 30 min. 
were extrapolated from the rates at shorter 
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times. Inquiry revealed that in accordance 
with common practice lime had been added 
in the preparation of muds 4, 5 and 6." 
Subsequent tests showed that definite 
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Fic. 1.—EFrFECT OF TRAGACANTH GUM ON 
FILTRATION AND VISCOSITY OF 20 PER CENT 
SHAFTER LAKE CLAY IN SALT SOLUTION. 
injury to wall-building properties of mud 
resulted from the addition of as little as 
o.1 per cent of lime. 

It was inconvenient to secure field muds 
for all laboratory tests. Muds were pre- 
pared in the laboratory as needed from 
commercial surface clays available in West 
Texas. The salt solution used in many of the 
tests contained 80 grams of sodium chloride, 
12 grams of calcium chloride, and 2 grams 
of calcium sulphate per liter. This com- 
position was approximately that of the 
average of a number of field water samples. 
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Other tests were made using a saturated 
solution of sodium chloride. Muds were 
prepared by dispersing with a high-speed 
stirrer 60 grams of clay in 240 grams of salt 
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Fic. 2.—E¥F¥ECT OF KARAYA GUM ON FILTRA- 
TION AND VISCOSITY OF 20 PER CENT SHAFTER 
LAKE CLAY IN SALT SOLUTION. 
solution to which the agent under investiga- 
tion was added. After they had stood 
overnight, samples were stirred thoroughly, 
the viscosity was measured, and the mud 
was transferred to the wall-building tester. 
The filtration was expressed as the cumula- 
tive volume of filtrate at the end of 30 min., 
corrected for drainage. 


Addition of Gum 


One of the first substances that brought 
about a marked improvement in the wall- 
building properties of salt-water muds was 
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tragacanth gum. Other natural gums that 
swell in water were also found to be effec- 
tive. Among these were arabic, ghatti, 
karaya, and locust bean. Gums consist 
essentially of carbon, hydrogen and oxygen, 
with a small amount of mineral matter. 
They are made up of sugars chemically 
united with an acid nucleus. Natural gums 
occur as exudates on the trunks and stems 
and in the kernels of various trees and 
shrubs. The natural products are sorted 
on the basis of trade standards and are 
milled to produce a variety of grades. Only 
the least expensive grades were investi- 
gated for use in drilling muds. 

_ Laboratory tests were made on many 
samples of gums in a variety of salt-water 
muds. The results shown in Figs. 1, 2 and 3 
are typical. Fig. 1 shows the effect of 
tragacanth gum on the viscosity and filtra- 
tion of a 20 per cent suspension of Shafter 
Lake clay in a salt solution of the com- 
position given above. The water loss 
decreases rapidly with small additions of 
gum from an original value of 93 c.c. in 
30 min. to 19 c.c. after the addition of 
0.2 per cent of tragacanth gum. Mud 
containing o.5 per cent of gum has a water 
loss of only 11 c.c. But little further reduc- 
tion is secured on increasing the concentra- 
tion to 1 per cent. Viscosity of the mud 
increases continuously from 4 to 75 centi- 
poises on the addition of 1 per cent traga- 
canth gum. Essentially the same behavior is 
shown for karaya gum in Fig. 2. Other tests 
showed that the effectiveness of tragacanth 
and karaya gums in reducing filtration is 
impaired somewhat by increasing salt 
- concentration. 

Ghatti gum was very difficult to disperse 
in mud, but after prolonged agitation 
muds were prepared that had very satisfac- 
tory filtration properties. The effect of 
ghatti gum on filtration and viscosity of 
a 20 per cent suspension of Finlay clay in 
saturated salt solution is shown in Fig. 3. 
Water loss is decreased from 70 to §5 C.c. 
in 30 min. by the use of 0.5 per cent ghatti 
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gum. Increasing the concentration to 1 per 
cent brings about a further decrease to 
2.5 c.c. Viscosity of the mud does not 
increase continually but tends to become 


LEGEND: 
° Filtration 
° Viscosity 


VISCOSITY OF MUD: CENTIPOISES 
VOLUME OF FILTRATE: CC IN 30 MINUTES 


GUM CONCENTRATION: PER CENT BY WT. 
ON BASIS OF WT. OF MUD 
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CLAY IN SATURATED SALT SOLUTION. 
constant between concentrations of 0.5 
and 1 per cent:of gum. 

To eliminate the possibility that the 
gum might be acting as sizing for the 
filter paper used in the wall-building tester, 
sand passing 100 mesh was employed as the 
filter medium. After the air in the pores 
had been displaced with salt solution, the 
permeability of the sand bed was found to 
be 2.5 darcys. Filtrations were carried out 
in duplicate, using 20 per cent suspensions 
of Shafter Lake clay in salt solution, with 
and without the addition of o.5 per cent 
tragacanth gum. Filtration was continued 
for 60 min, at 100 lb. per sq. in. Filtrate 
volumes were 120 c.c. for the untreated 
sample and 20 c.c. for the sample contain- 
ing gum. The thicknesses of the filter cakes 
formed are shown in Fig. 4. The superior 
wall-building qualities of the treated mud 
are obvious. 
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If gum is added to the mud, the clay 
concentration can be varied over fairly 
wide limits (10 to 20 per cent) without 
materially altering the filtration rate. 
Although the mechanism involved in 


CONTROL OF FILTRATION OF SALT-WATER MUDS 


muds was found in the addition of gelatin- 
ized starch. Starch is the principal con- 
stituent of many plants, often concentrated 
in the seeds, tubers, or roots. Microscopic 
examination reveals the starch structure as 


a. Untreated Mud. 


reduction of filtration by gums has not 
been investigated in detail, it does not 
appear to be simply a matter of increasing 
the viscosity of the liquid phase, because 
the effect does not disappear when filtration 
is conducted at elevated temperatures. 


Addition of Irish Moss 


Irish moss, whose behavior in salt-water 
muds is represented in Fig. 5, is a kelp that 
occurs along the coasts of Ireland and New 
England. The viscosity and filtration effects 
of this material are analogous to those of 
the gums. However, a greater quantity is 
required to produce the same effect, since 
the active ingredient is not separated from 
the rest of the plant and inert material is 
included in the addition. A mud consisting 
of 20 per cent of Finlay clay in salt water of 
the composition given previously exhibited 
a water loss of 59 c.c. in 30 min. The addi- 
tion of o.5 per cent of Irish moss reduced 
filtration to 15 c.c. and when 1 per cent was 
added the value was decreased to 11 c.c. in 
30 minutes. 


Addition of Gelatinized Starch 


Another useful method for the control of 
the filtration characteristics of salt-water 


b. Mud Containing 0.5 Per Cent 
Tragacanth Gum. 
Fic. 4.—INFLUENCE OF TRAGACANTH GUM ON THICKNESS OF FILTER CAKE: 20 PER CENT SHAFTER 
LAKE CLAY IN SALT SOLUTION FILTERED ON SAND. 


individual granules of characteristic ap- 
pearance. The major portion of the starch, 
called amylose, is stored within a membrane 
designated as amylopectin. Starches from 
various sources have similar chemical com- 
position but may be identified by the 
characteristic appearance of the granule. 
Most starches on hydrolysis yield as funda- 
mental units the sugar glucose and a small 
quantity of acidic material derived from 
the cell membrane. All such glucosans, 
regardless of such diverse sources as seeds of 
rice, wheat, and corn; tubers of potato and 
yam; roots of cassava and arrowroot; and 
pith of sago palm, have been found identical 
in their filtration-reducing properties. 


To be effective the starch must be 


gelatinized or pasted. The addition of dry 
starch or a dispersion of starch in cold 
water, whether untreated or the so-called 
soluble starch, is equivalent to the addition 
of a like amount of inert material. Gelatin- 
ization consists in the rupture of the 
amylopectin cell membrane and swelling of 
the cell contents. This change in structure 
is revealed in Fig. 6. Among the various 
agents that accomplish the pasting of 
starch, the most potent is caustic soda. The 
relative amounts of starch and caustic soda 
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may be varied between rather wide limits, 
and the composition selected is determined 
by consideration of the convenience of 
handling the pasted mixture. A practical 
suspension for addition to drilling mud 
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ble amount to an occasional quite high 
value. Small variations in starch concentra- 
tion in the range 0.2 to 0.5 per cent produce 
marked changes in wall-building properties 
of salt-water muds. 


(ou) 
[e) 


a 
je) 


Ww 
(eo) 


LEGEND: 
° Filtration 
e Viscosity 


VISCOSITY OF MUD. CENTIPOISES 


nN 
Oo 


VOLUME OF FILTRATE: CC IN 30 MINUTES 


O 0.2 0.4 06 


0.8 10 We 1.4 1.6 


IRISH MOSS CONCENTRATION PER CENT BY WT. 
ON BASIS OF WT OF MUD 
Fic, 5.—EFFrect OF IRISH MOSS ON FILTRATION AND VISCOSITY OF 20 PER CENT FINLAY CLAY IN 
SALT SOLUTION. 


contains to per cent by weight of starch and 
I per cent of caustic soda. 
Fig. 7 presents the results of adding such 
a starch suspension to Finlay clay mud 
prepared with saturated salt solution. 
‘Starch concentration is expressed as per- 
centage by weight of dry starch added. The 
addition of 1 per cent of gelatinized starch 
reduced the filtration of this mud from a 
value of 70 c.c. in 30 min. to about 5 c.c. 
_ Slightly lower values may be obtained by 
- addition of greater quantities of starch, but 
water loss of about 5 c.c. may be considered 
a minimum for salt-water muds containing 
gelatinized starch. The increase in filtration 
observed upon the addition of small quanti- 


ties of starch is characteristic for different 


clays, varying in magnitude from a negligi- 


Addition of gelatinized starch often 
results in erratic variations in the viscosity 
of salt-water muds. Usually, however, 
viscosity varies with starch concentration 
in a manner similar to that shown in Fig. 7. 
The viscosity increases to a maximum 
value, then falls off to about that of the 
original mud, and finally shows a slight 
increase. In general, salt-water muds 
treated with gelatinized starch show con- 
siderably lower viscosities than similar 
muds treated with the materials discussed 
earlier. 


UsE oF Gum IN FieLp TESTS 


A West Texas field that offered drilling- 
mud problems typical of the area was 
selected for a field test. In this field, about 
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goo ft. of salt and salt-bearing rock must be commercial clays. A bentonite slurry was 
drilled before the porous limestone section spotted in the bottom of the hole before 
from which production is obtained is casing was run. 

reached. It was common practice, when the Of the gums available, tragacanth seemed 
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limestone was reached, to discard the mud most satisfactory from the standpoint of 
used in drilling the salt section and to effect on filtration and viscosity. In the first 
complete the hole with mud made from test, tooo lb. of powdered tragacanth gum 
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was added to the mud used in drilling the 
salt and limestone sections. The average 
filtration was 70 c.c. in 30 min. Ona second 
well, the mud was treated with 4000 Ib. of 
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test well, the pipe was found to be free in 
the hole, whereas in other fishing jobs in 
this field the pipe was stuck. Bentonite 
slurry was not spotted on the bottom of the 
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tragacanth gum, and average water loss 
during the period of treatment was 26 c.c. 
in 30 min. In order to compare the treated 
and untreated muds, supervision was main- 
tained simultaneously on a third well in 
which properties of the mud were con- 
trolled only by the addition of commercial 
clays. The average filtration value was 95 
c.c. in 30 min. for the mud used in drilling 
the limestone section and 110 c.c. for that 
used in the salt section. 

Water loss from the muds containing 
‘gum was significantly lower than from the 
untreated mud. The improved wall-build- 
ing properties of the treated muds were 
shown even more definitely, although not in 
a way subject to numerical evaluation, by 
the condition of the holes. The hole drilled 
with clay mud alone was always tight, and 
it was necessary to wash out several feet of 
accumulated cavings and mud cake after 
each round trip to change bits. In contrast, 
no difficulty was experienced in getting 
back to the bottoms of the holes in which 
gum was used. After a twistoff in the first 


hole before running casing in the well on 
which 4000 lb. of gum was used and casing 
was landed and cemented without difficulty. 

With the outbreak of hostilities abroad, 
further use of gums became impractical 
because of uncertainty in price and diffi- 
culty in securing delivery. 


USE OF STARCH IN FIELD TESTS 


The first field trial of gelatinized starch 
was made on a well in the same area as that 
of the gum tests. In preparing the pasted 
starch for field use, a box fitted with per- 
forated steam coils was employed. Starch 
was intimately mixed with water by adding 
the starch through a mud-mixing hopper. 
Caustic soda was added, and the white, 
pasty mass was agitated with steam until a 
viscous, straw-colored suspension resulted. 
The final composition of the mixture was 
approximately 89 per cent water, 10 per 
cent cornstarch and 1 per cent caustic soda. 
The mud in the pit was stirred vigorously 
with the guns while the starch suspension 
was added. 
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Fig. 8 gives a comparison of the first field 
trial using starch and an adjacent well in 
which only commercial clays were used in 
mud control. The addition of starch was 
not begun until several hundred feet of 
salt had been penetrated. Water loss had 
increased from zo to 82 c.c. in 30 min. 
Following the addition of 4000 |b. of starch, 
filtration was reduced to 22 c.c. in 30 min. 
Subsequent additions maintained an aver- 
age water loss of 15 c.c. in 30 min. during 
the completion of the hole. No trouble was 
encountered in setting casing. The com- 
mercial clay mud showed an average water 
loss of 92 c.c. in 30 min. Throughout the 
limestone section, drilling progress was 
plagued by tight hole. 


treated mud is due in no small measure to 
the increased attention given by the drilling 
crews to mud control in consequence of the 
close supervision demanded in the use of 
starch. 


CONCLUSIONS 


Laboratory tests indicated, and field use 
demonstrated conclusively, that filtration 
characteristics of salt-water muds can be 
improved markedly by the addition of 


natural gums or gelatinized starch. Addi- 


tional evidence of improvement in wall- 
building properties was afforded by freedom 
from stuck drill pipe and ease of running 
casing to bottom in holes drilled with 
treated muds. 


TABLE 1.—Properties of Mud Samples from West Texas Wells 


Analysis of Filtrate, Parts per Million 


. Viscosity: Cp.| Filtration, 
Well No. Pore Stormer at | C.C. in 30 
Gos Rep.as sain Calcium Chloride Sulphate 
I i 1,920 133,500 5,295 
2 I1.6 69 1,830 130,000 7,200 
3 II.9 85 1,700 154,000 4,733 
4 rr 220 2,775 136,500 3,550 
5 10.3 370 2,380 74,000 4,375 
6 aS 2,420 50,000 4,320 


So successful was the use of gelatinized 
starch in this and succeeding tests that the 
addition of starch to the mud prior to 
penetrating the limestone section became 
standard procedure in this area. The exten- 
sion in use of starch was accompanied by a 
decrease in cost of drilling mud. Thus, on 
the test just described, mud cost was 134¢ 
per foot from the surface to sooo ft., as 
compared with a cost of 12¢ per foot for the 
clay mud in the neighboring well. The aver- 
age mud cost in 50 wells subsequently 
drilled with mud containing pasted starch 
was 8.3¢ per foot from the surface, as 
compared with an average cost of 8.7¢ per 
foot for 17 wells previously drilled using 
commercial clay muds. Average properties 
and costs of these muds are summarized in 
Table 2. The lower cost of the starch- 


The extensive use of gums has not been 
undertaken because both supply and cost 
have been uncertain since the beginning of 


TABLE 2.—Comparison of Properties and 
Costs of Muds Conditioned with 
Commercial Clays and with 
Gelatinized Starch 


Connie Gelatin- 


. d 
cial Clay Sear 
tarch 
Muds Muds 
Number of wells considered... 17 50 
Section drilled, feet per well...| 4,800 4,800 
Productive section, feet per 
Wells Stiatee/ssaleitas ete wettiaat 400 400 
Filtration, cc. in 30 min....... 91 15 
Density, Ib. per gal... ....0.0- <r,0 10.9 
Viscosity, Marsh funnel, sec... 38 36 
Starch used, lb. per well....... (3) 4,000 
Clay used, lb. per well........ 40,000 28,000 
Cost of clay per well.......... $415 $225 
Cost of drilling mud per foot 
OPHGLES ac net ele ee 8.7¢ 8.3¢ 
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DISCUSSION 


war abroad. Starch, on the other hand, is 
readily available from a number of domestic 
sources. Pasted starch has been added to 
the mud used in drilling the productive 
section in about 80 wells in West Texas. 

Although this study was directed particu- 
larly toward a solution of drilling-mud 
problems in West Texas fields, the results 
are applicable to other areas in which the 
mud becomes contaminated with salt. In 
the Gulf Coast, for example, overhanging, 
mushroom-type salt domes occur occa- 
sionally, and in marine operations it is 
frequently necessary to use sea water in 
making mud. In such conditions, wall- 
building properties of the drilling mud can 
be improved by the addition of gums or 
gelatinized starch. 
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DISCUSSION 
(Harold Vance presiding) 


C. F. Bonnet,* New York, N. Y.—The 
authors of this paper have shown, in a manner 
almost too complete for discussion, some 
successful mud-control methods and some 
of the improvements, both in mud cost and in 
drilling operations, that may be expected when 
such methods are used to maintain low ‘‘ water- 
loss” drilling muds under difficult conditions. 

They may be interested to know that obser- 
vations of ‘‘water-loss” tests in our own 
laboratories seem to confirm their statement 
that the lower water loss is not entirely 
attributable to higher viscosity in the liquid 
phase of such a mud. 

Especially valuable are the data given by the 
authors on field results. We are continually 
finding wide appreciation among operating 
men of the fact that low ‘water loss” in 
drilling mud pays dividends in better regulated 
and lower-cost drilling, cementing and com- 
pletion of wells. Although increasing viscosities 
are noted in the test results cited, this should 
not be serious in West Texas conditions and 
can probably be held to reasonable limits in 
any field through proper balance of clay, water 
and starch or gum-type ‘“‘water-loss’’. aid, 
together with the use of effective viscosity- 
reducing agents where viscosities tend to be 
high. 


* American Cyanamid and Chemical Corporation. 


Calculation of Theoretical Productivity Factor 


By H. H. Evincer* anp M. Musxkat* 


(New York Meeting, February 1941) 


A METHOD has been developed whereby one 
may calculate the productivity factors of 
producing formations from a knowledge of the 
reservoir conditions. Account is taken not only 
of the heterogeneous character of the gas-oil 
flow system but also of the detailed variations 
with pressure of the shrinkage and viscosity 
of the oil, the solubility of the gas in the oil, and 
even the variability of the gas viscosity and the 
deviation of the gas from ideal. behavior. 
Curves are shown giving the results of numeri- 
cal calculations on the production rate as a 
function of the pressure differential for a high- 
pressure and a low-pressure system, three 
values of gas-oil ratio being treated in each 
case. Curves are also given showing the varia- 
tion with distance from the well of the pressure, 
oil saturation, and permeability. The effect of 
connate water is briefly discussed in relation 
to the apparently large discrepancies between 
the calculated and observed productivity- 
factor values. 


INTRODUCTION 


The significance of the productivity 
factor as a measure of the capacity of an 
oil-bearing formation to produce is well 
recognized; for it is the composite and 
integrated resultant of the physical prop- 
erties of both the porous medium and the 
fluid stream passing through it with respect 
to the ease with which the particular petro- 
leum fluids present in the formation can 
flow through it and into producing wells. 

The most direct method of determining 
the productivity factor of a well consists, as 
is well known, in the simultaneous measure- 
ment of reservoir-pressure differentials 


Manuscript received at the office of the Institute 
Feb. 7, 1941. Issued as T.P. 1352 in PETROLEUM 
TECHNOLOGY, September abe 
3 * Gulf Research and Development Co., Pittsburgh, 

i 


and rates of production and the expression 
of the data in terms of rate of flow per unit 
pressure drop.? Actual measurements car-_ 
ried out in this manner on producing wells 
have given factors that generally lie in the 
range of o to roo bbl. per day per pound 
pressure drop. This wide range arises not 
only from variations in permeability but 
also from the varying sand thickness of 
producing formations. 

One of the aims of developing a theory of 
the mechanics of oil production obviously 
is that of predicting what the productivity 
factor should be from a knowledge of the 
individual characteristics of the producing 
formation and the fluids produced. For 
homogeneous fluid systems passing through 
a porous medium into a producing well, it 
has been known for some time that the 
steady-state rate of liquid flow Q is given 
by the formula:* 


amkhAp 


Br pw log r./Tw 


[1] 
where & is the sand permeability, 4 its 
thickness, uw the liquid viscosity, Ap the 
pressure drop between the well and the 
distant parts of the reservoir, in particular 
that at a radius 7., and 7» is the well radius. 
This gives the productivity factor: 


Q 21 
T= asp plogrire 


which will have a numerical value for a 
liquid of 1 centipoise viscosity of 0.9316 or 


1 From the point of view of field determinations of 
sroductivity factors, much has already been pub- 
ished. For instance, see references 1 to 4 at the end 
of the paper. 

* See, for example, M. Muskat.5 
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0.8987 bbl. per day per pound drop per 
foot of sand per darcy, as the radius 7; is 
taken to be 500 or 660 ft., and the well 
radius is }4 ft. The productivity factor has 
been expressed here in terms of unit thick- 
ness and unit permeability in order to avoid 
specification of their numerical values. 
Moreover, the sand thickness, being an 
extensive property, does not reflect the 
intensive dynamical characteristics of the 
flow system as long as the sand is uniform. 
The permeability & in principle, of course, 
is also an intensive property of the porous 
medium. It is separated out here, however, 
because, as will be seen later in the discus- 
sion of heterogeneous fluid systems, it will 
reduce essentially to a scale factor. 

As already indicated, formulas 1 and 2 
apply only to systems producing a homo- 
geneous liquid. Such a condition will obtain 
when the oil is undersaturated with gas 
throughout the producing formation; that 
is, when the fluid pressure even at the well 
exceeds the saturation pressure of the gas. 
This is not entirely a hypothetical situa- 
tion; for it has been established in recent 
years that in many fields the oil actually is 
undersaturated, an example of which is 
the well-known and celebrated case of the 
East Texas field. However, in by far the 
great majority of producing oil fields the oil 
is saturated with gas at the initial reservoir 
pressure, and any drop associated with 
movement of oil to the producing wells 
will lead to an evolution of gas and the 
development of a heterogeneous fluid sys- 
tem passing through the sand. In such 
cases the simple flow formulas given above 
no longer apply. The simplified form of 
Darcy’s law for a homogeneous fluid system 
_breaks down and must be replaced by the 
"more complex equations characterizing the 
flow of heterogeneous fluid systems. Dur- 
ing the last five years a number of investi- 
gations*-!4 have been carried out to define 
and develop empirically the generalizations 
of Darcy’s law, which describe the flow of 
heterogeneous fluid systems. The essential 
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result of these studies is that with each 
phase of the heterogeneous fluid system 
can be associated a permeability deter- 
mined only by the local volumetric dis- 
tribution within the pores of the sand; that 
is, the permeability concept must be gen- 
eralized so as to represent a composite 
dynamical characteristic of the sand and 
each individual fluid phase. Moreover, it 
must be considered as variable, depending 
upon the specific form of the phase dis- 
tribution within the sand as this varies 
from point to point. 

These empirical relationships between 
the permeability to the several fluid phases 
and the local phase distribution within the 
sand or fluid saturations have been formu- 
lated into a system of the hydrodynamics 
for the heterogeneous flow of fluids through 
porous media.!® To show the applications 
that might be made of this formulation, 
solutions were developed for the flow of 
a heterogeneous fluid system through a 
linear column of sand and also through a 
radial system. The latter, of course, corre- 
sponds to the practical situation of the 
flow of gas and oil into a well. The nu- 
merical calculations reported in that work, 
however, were carried out on the basis of 
several simplifying assumptions. Among 
these are: (1) the sand is unconsolidated or 
has the permeability saturation relation- 
ships found by Wyckoff and Botset for an 
unconsolidated sand; (2) the gas phase is 
ideal; (3) Henry’s law is obeyed; (4) there 


‘is no oil shrinkage or expansion; and (5) the 
| 


oil viscosity is constant. 

It is the purpose of this paper to provide 
similar calculations for corresponding sys- 
tems without the restriction of these 
assumptions. 

The permeability saturation relationship 
used is that obtained by Botset!* for a 
consolidated Nichols Buff sandstone. The 
data reported for this sand are the only 
ones published thus far that give both the 
gas and liquid permeabilities for a consoli- 
dated sand. They were used therefore 
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throughout the present calculations, even 
though it is realized that they may not 
apply in detail to all other types of con- 
solidated sand. 

In the calculations made on the low- 
pressure reservoirs, the gas phase was still 
taken as ideal, since no data were available 
regarding the deviation factors for the gas 
phase. For the higher-pressure systems, 
however, deviation factors were derived 
and used in the calculations, as will be 
explained later. 

In all the computations to be reported, 
the solubility of the gas in the oil was taken 
to be that determined empirically and, of 
course, did not follow Henry’s law with 
any precision. Likewise, shrinkage or 
expansion factors were applied to the liquid 
phase in accordance with direct empirical 
observations. 

With respect to the oil viscosity, the 
effect of the gas in solution was taken into 
account in all the computations, as will 
be explained in detail in the discussion. 


ANALYTICAL PROCEDURE 


The general hydrodynamic formulation 
of the flow of heterogeneous fluids through 
porous media can be expressed by the 
equations 3a and 3) 


v: (sive) =15,0/8) el 
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where k; and k, are the empirically deter- 
mined permeabilities to the liquid and 
gas phases, ~ and wu, are the viscosities 
of the liquid and gas phases, p is the fluid 
pressure, S is the solubility of the gas in 
the liquid expressed as total gas dissolved 
per unit volume of residual liquid, 6 is 
the expansion factor of the oil in terms of 
the residual oil volume and corresponds to 
one plus the factor generally termed 
“shrinkage fa tor,’ y is the density of the 
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gas phase, p is the local liquid saturation, 
f is the sand porosity, and ¢ is the time 
variable. 

These equations are identical with 
those previously given!® except for the 
inclusion of the expansion factor 6. Only 
two equations have been written here, 
on the assumption that there will be only 
two mobile phases. Of course, if there 
should be a third mobile phase, such as 
the connate water, a third equation similar 


in structure to 3a must be added. In fact, 


its exact form will be identical with that 
of 3a, with the term 8 omitted and the 
variables k:, wi and p referring to this 
third phase, except as one might take 
into account still further refinements 
such as the solubility of the gas in the 
third phase. 

Under steady-state conditions, the right 
sides of Eqs. 3a and 3b must be set equal 
to zero. Strictly speaking, there will be 
no such thing as a steady state in a hetero- 
geneous fluid system producing gas and 
oil, except as it is subject to a complete 
water drive—and even then the external 
boundary of the system will not be con- 
stant. For practical purposes, however, 
the actual transient history of oil and gas 
reservoirs may be represented by a slowly 
varying succession of steady states. It 
is such equivalent steady-state conditions 
to which the determination of a productiv- 
ity factor is generally referred, and which 
will form the basis for the present calcula- 
tions. This question of the assumption of 
steady-state conditions enters specifically 
in the numerical calculations and also in 


_ the choice of the permeability saturation 


relationship expressed by k = k(p); for 
in Botset’s experiments’ it was shown 
that steady-state conditions of flow could 
not be maintained with liquid saturations 
above the equilibrium value. In practical 
field operations, however, the drop of the 
oil saturation everywhere at least to the 
equilibrium value would imply an appreci- 
able total production from the reservoir, 
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and hence that the field has already passed 
through a large part of its productive 
history. To obtain results corresponding 
to the early part of the production history 
of a reservoir, therefore, we have assumed 
that the flow systems are in substantially 
steady states even at liquid saturations 
higher than the equilibrium value. More- 
over, in accordance with this assumption, 
we have arbitrarily extrapolated the gas- 
permeability curve in a parabolic manner 
so as to fall to zero values only at 100 per 
cent saturation rather than the equilibrium 
saturation, as it would if the systems were 
operating under strictly steady-state condi- 
tions throughout. In this respect also 
the calculations presented here for the 
low gas-oil ratios differ from those previ- 
ously published. 

Applying Eqs. 3@ and 36 for the steady- 
state conditions directly to radial flow 
systems, we may write down at once their 
first integrals as: 


a k, dp 


Mi dr 
Sk vk,\ d 
QO, = 2mrh a(S = ve) - 


where / is the sand thickness, Q; is the 
volume rate of production of residual oil, 
and Q, is the rate of gas flow expressed in 
mass or volume units under standard 
conditions. 

A simple division gives: 


Ss [4a] 


[40] 
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R= S=staee) 5 
where 
a(p) = VBua/Ho; VY (p) = Ra/ka. 


R represents the gas-oil ratio, a(p) is a 
composite factor varying only with the 
pressure (since the systems are assumed 
to be isothermal throughout this work), 
and W(p) depends only upon the liquid 
saturation. Thus a(p) depends exclusively 
on the properties of the fluid system 
whereas W(p) is determined essentially 
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by the nature of the sand. At the same time 
the integral of Eq. 4a can be formally 


expressed as: 
‘e De hi/ Ro 


Q: 
athk oe ES “ae oP 
where #- is the effective reservoir pressure— 
that is, the fluid pressure at the radial 
distance r.—and k, is the homogeneous 
fluid permeability. The evaluation of the 
integrals and manner of the calculations 
may then be carried out as follows: 
Choosing the value for the gas-oil ratio, 
the relationship between p and # can be 
computed by means of Eq. 5. Applying 
this relationship to the integrand of Eq. 6, 
the indefinite integral can be evaluated, 
thus giving the pressure distribution in 
the system. The numerical value of the 
rate of oil production is obtained from the 
evaluation of the integral for the pressure p 
corresponding to the well pressure. In 
fact, by varying the well pressure, the 
relationship between the production rate 
and pressure differential is obtained. 
The latter, of course, gives directly the 
productivity factor. Going back to Eq. 5, 
the saturation and permeability distribu- 
tions can be obtained from the pressure 
distribution. As can be seen at once from 
the nature of this procedure, the absolute 
values of the rates of oil production and 
of the productivity factors depend upon 
the gas-oil ratio. Moreover, in view of the 
variable character of the integrand of 
Eq. 6, it may be anticipated directly that 
the productivity factor will not' be a 
constant even for a fixed gas-oil ratio, 
but will depend also upon both the reser- 
voir pressure and the pressure differential. 


[6] 


NUMERICAL APPLICATIONS 


Low-pressure Reservow 


For this system the gas-solubility, oil- 
expansion factor, and oil-viscosity varia- 
tion used in the calculations were those 
given in the curves of Fig. 1. The solubility 
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and expansion factors were those actually 
measured for an oil from an Illinois field. 
Its gravity was 39.5°A.P.I. at 60°F. The 
viscosity of this particular oil was not 
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Fic. 1.—SOLUBILITY, EXPANSION FACTORS, 
AND OIL VISCOSITY UNDER RESERVOIR CONDI- 
TIONS FOR THE LOW-PRESSURE RESERVOIR SYS- 
TEM AS A FUNCTION OF THE PRESSURE (GAUGE). 
EXPANSION FACTORS ARE EQUIVALENT TOB — 1. 
determined directly. Rather, the values 
shown in Fig. 1 are those corresponding to 
curve 2 of the viscosity-pressure curve 
published by Hocott and Buckley’® which 
happen to have approximately the same 
terminal solubility and expansion factors 
as those given by the directly measured 
solubility and expansion curves.* As 
previously indicated, gas-deviation factors 
were not available for the gas phase of this 
particular system and the gas phase 
therefore was assumed to be ideal. Its 
viscosity was taken to be o.o1 centipoise. 
The permeability vs. saturation function 
W(p) that was used throughout all the 
calculations was based on the data of 
Botset!® for the Nichols Buff sandstone, 
with the modification previously indicated. 
The individual permeability curves for 
the liquid and gas phases are shown in 
Fig. 2, for the ranges of p entering in the 
calculations. 

The results of the calculation of flow 
rate vs. pressure differential, as obtained 

* The authors are indebted to Mr. Rex 
Woods of the Gulf Oil Corporation for the 
data on solubility and expansion factor, and to 
S. E. Buckley and C. R. Hocott for the viscos- 


ity and related information for the oil they 
used in their experiments. 
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in the manner outlined above, are shown ~ 
in Fig. 3 for a reservoir pressure p. of 
725 lb. gauge. The external radius 7, 

was chosen to be soo ft. and the well 
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2.—PERMEABILITY-SATURATION RELA- 
TIONSHIP FOR RESERVOIR SAND IN THE HIGH- _ 
SATURATION REGION. 

p = liquid saturation expressed as fraction 
of pore space; k, = homogeneous fluid permea- 
bility; &; and k, are permeabilities to liquid and 
gas phases. 


radius 7» as 14 ft. The calculations were 
carried out for gas-oil ratios of 297, of 
500 and 2000 cu. ft. per bbl., the figure 
297 representing the case in which the 
fluid at r, is entirely a saturated liquid. 
The ordinates represent the rate of flow in 
barrels per day per foot of sand and for a 
homogeneous fluid permeability of 1 
darcy. 

The slopes of these curves should give 
the value of the productivity factor, as 
defined by Eq. 2. The dashed curves corre- 
spond to a system where the oil viscosity 
remains fixed at its surface value of 1.87 
centipoises, whereas for the solid curves the 
variation of the viscosity with pressure, 
according to the viscosity curve of Fig. 2, 
was taken into account. If the problem 


=a 
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under consideration referred to a homo- 
geneous fluid system of 1.87 centipoises 
viscosity, with no expansion due to dis- 
solved gases, the curves of Fig. 3 would all 
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The solid curves, on the other hand, include 
the composite effect of variable permeabil- 
ity and variable viscosity, and show that 
the decrease in viscosity due to the dis- 
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Fic. 3.—PRODUCTION RATE VS. PRESSURE DIFFERENTIAL FOR RESERVOIR PRESSURE OF 725-LB. 
GAUGE. 

R = gas-oil ratio, cu. ft. per bbl. Q/k,4 = bbl. per day per ft. sand per darcy. For dashed 

curves liquid viscosity is taken as fixed at 1.87 centipoise. For solid curves the viscosity variation 


is taken into account. 


fall on the straight line through the origin 
of slope 0.498, as given by Eqs. 1 and 2. 
In contrast to this, the actual curves not 
only diverge among themselves but they 
are all convex upward, indicating a de- 
creasing effective productivity factor with 
increasing pressure differential. This means 
that even for a fixed gas-oil ratio and fixed 
behavior of the fluids produced, the pro- 
ductivity factor is not a constant, but 
varies with the rate of production, as is 
actually observed in practice. The reason 
for this variation lies, of course, in the 
heterogeneous character of the flow. In 
particular, it is a consequence of the fact 
that as the pressure differential increases 
the greater evolution of gas from the oil 
near the well requires an increased free gas 
space or lower oil saturation. The decreas- 
ing permeability for the oil as the saturation 
goes down leads to a greater over-all sand 
resistance and hence lower productivity 
factor. 

The dashed curves of Fig. 3 are of inter- 
est in showing directly the effect of the 
variable liquid saturation and fluid perme- 
abilities through the sand, since the oil 
viscosity is kept fixed at its surface value. 


° 


solved gases may raise the effective pro- 
ductivity factor so as to be materially 
higher than if the viscosity were the same 
in the sand as it is at the surface. The 
divergence of the curves for the different 
gas-oil ratios shows the importance of 
taking into account the heterogeneous 
character of the flow system; for as the 
gas-oil ratio increases the increased free gas 
space required to carry the excess gas again 
forces a contraction in the oil saturation 
and hence lower liquid permeabilities and 
over-all productivity factors. To obtain a 
quantitative measure of these various 
effects involved in the present discussion, 
we may compare the limiting slopes at 
zero pressure differential of the curves of 
Fig. 3 with the slope of the straight line 
that would correspond to the homogeneous 
fluid system for an oil of 1.87 centipoises; 
namely, o.498. Thus, considering this 
productivity factor as unity, the relative 
productivity factors corresponding to the 
various curves of Fig. 3 would be for the 
dashed curves—the oil viscosity kept fixed 
—o.86, 0.67, and 0.38 for gas-oil ratios of 
297, of 500, and 2000 cu. ft. per bbl. For 
the solid curves the relative factors would 
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be 1.71, 1.25, and o.61 for gas-oil ratios of 
297, of 500, and 2000 cu. ft. per bbl. From 
these numbers we see at once that except 
for the gas-oil ratio of 2000 the effect of 
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Fic. 4-—SATURATION, RELATIVE LIQUID 


PERMEABILITY, AND PRESSURE DISTRIBUTIONS 
IN RESERVOIR SAND PRODUCING AT GAS-OIL 
RATIO OF 297 CU. FT. PER BBL. WITH RESERVOIR 
PRESSURE OF 725-LB. GAUGE. 

Y» = well radius; r = radial distance from 
well center; p = saturation; k:/k. = relative 
liquid permeability; p/p. = pressure at radius 
y/reservoir pressure. 


the dissolved gas in reducing the oil 
viscosity more than counterbalances the 
drop in liquid saturation and oil permeabil- 
ity due to the heterogeneous character of 
the flow. The importance of taking into 
account the variation of the oil viscosity 
with the dissolved gas will be quite obvi- 
ous, therefore, especially in view of the 
fact that in many cases the total range of 
variation of viscosity with the solution 
pressure may be considerably larger than 
that shown in Fig. 1. 

The details of the saturation, permeabil- 
ity, and pressure distributions for gas-oil 
ratios of 297 and 2000 cu. ft. per bbl. are 
shown in Figs. 4 and 5. Since the smaller 
of these gas-oil ratios corresponds to the 
solution ratio at the reservoir pressure of 
725 lb., both the saturation and permea- 
bility curves begin at the unit ordinate 
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at the reservoir radius 7,. The rather sharp 
initial drop in the saturation and permea- 
bility curves results from the vanishingly 
slow rise in the V(p) curve as the saturation 


Log 1/ty 

Fic. 5.—SATURATION, RELATIVE LIQUID 
PERMEABILITY, AND PRESSURE DISTRIBUTION IN 
RESERVOIR SAND PRODUCING AT GAS-OIL RATIO 
OF 2000 CU. FT. PER BBL. WITH RESERVOIR PRES- 
SURE OF 725-LB. GAUGE. 

Yw = well radius; r = radial distance from 
well center; p = saturation; k:/k. = relative 
liquid permeability, p/p. = pressure at radius 
r/reservoir pressure. 


is decreased from unity. As was observed 
in the case of the previously published 
calculations,!> the major drop in the satura- 
tion and permeability curves takes place 
right near the well surface, this effect also 
obviously explaining the curvature of the 
pressure-distribution curve. The break in 
the permeability curve at the abscissa value 
of about 1.5 arises from the break in slope 
of the basic permeability vs. saturation 
curve occurring at a saturation of 0.9, as 
may be verified from Fig. 2. 

In the case of the gas-oil ratio of 2000 
cu. ft. per bbl., the limiting values of the 
permeability and saturation are no longer 
unity, since even at the reservoir boundary 
the sand must carry an excess of gas beyond 
that which is in solution. Here the liquid 
saturations are less than o.9 throughout 
the sand, thus explaining the absence of 
the previously mentioned break in the 
permeability curve. The concentration of 
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the drop in saturation and permeability 
about the well bore is present here too, and 
in the same way as before explains the 
deviation from linearity of the pressure 
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average higher viscosities in the low-reser- 
voir-pressure system, and the fact that the 
average liquid saturation and_ liquid 
permeability must be lower in order that 
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Fic. 6.—PRODUCTION RATE VS. PRESSURE DIFFERENTIAL FOR RESERVOIR PRESSURE OF 500-LB. 
GAUGE. 

_ R = gas-oil ratio, cu. ft. per bbl.; Q/k.4 = bbl. per day per ft. sand per darcy. 


distribution curve. The saturation, permea- 
bility, and pressure distribution for the 
gas-oil ratio of 500 cu. ft. per bbl. obviously 
will be intermediate between those shown 
in Figs. 3 and 4. 

If the reservoir pressure should be 
500-lb. gauge, the relationship between the 
flow rate and pressure differential will be 
as shown in Fig. 6. For this case the gas-oil 
ratio of 254 corresponds to the solution 
ratio at the reservoir pressure. The general 
features of the curves of Fig. 6 are similar 
to those of Fig. 3 and need little further 
discussion. It may be observed, however, 
that again the relative productivity factors 
corresponding to the slopes of these curves 
near the origin as compared to the slope of 

0.498, which would obtain in the case of a 
homogeneous fluid system, are: 1.608, 
0.998, and 0.534 for the gas-oil ratios of 
254, 500, and 2000 cu. ft. per bbl. Recalling 
the values previously found for a reservoir 
pressure of 725 Ib., we see that the pro- 
ductivity factor will decrease with decreas- 
ing reservoir pressure. This effect, however, 
is to be expected both as a result of the 


the system may have the same total gas-oil 
ratio with the lower solution pressures. 


High-pressure Reservoir 


The calculations to be reported in this 
section are based upon data of Sage and 
Lacey obtained in the study of the oil 
and gas produced from the Fifth Calendar 
zone of the Dominguez field.” The reservoir 
pressure to be considered here—namely, 
2500 lb.—is certainly not high when com- 
pared with those encountered in the drilling 
of recent years. However, it is approxi- 
mately the highest for which complete data 
have been published, including not only 
the solubility and expansion factors for the 
gas and oil, but also the viscosity of 
the gas-saturated oil. These basic data are 
plotted in Fig. 7 for formation temperatures 
of 190°F. and gauge pressures to 2500 lb. 
Here again the solubility and expansion 
factors are expressed in terms of residual 
oil. The liquid viscosities were obtained by 
interpolation from the data of Sage and 
Lacey. The gas viscosity was here taken to 
be variable according to the curve shown in 
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Fig. 7. This curve was obtained by inter- 
polation from the viscosity-pressure curve 
determined by Sage and Lacey" for a lean 
natural gas. The high mol percentage of 
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Densities of the gas phase were calcu- 
lated by subtracting the bubble-point for- 
mation volumes at various pressures from 
the composite two-phase formation vol- 
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Fic. 7.—SOLUBILITY, EXPANSION FACTORS, AND OIL AND GAS VISCOSITIES UNDER RESERVOIR 
CONDITIONS FOR HIGH-PRESSURE RESERVOIR SYSTEM AS FUNCTION OF PRESSURE (GAUGE). EXPAN- 


SION FACTORS ARE EQUIVALENT TO B — 1. 


methane (87.78 per cent) and the low gaso- 
line content of the gas used in the study 
of the Dominguez field indicated that the 
gas was more like the lean gas than the rich 
gas used in their gas-viscosity investigation. 

Fig. 7 shows that the solubility and 
expansion curves are here everywhere 
concave upward in contrast to those of 
Fig. 1, which are convex upward through- 
out the range plotted there. The latter 
behavior, of course, is that commonly 
observed in normal gas-crude oil systems. 
The different type of variation shown in 
Fig. 7 is explained by Sage and Lacey as 
being due to the fact that the systems are 
approaching a critical state. Presumably 
this critical state would correspond more 
to the type obtaining with pure substances, 
since the accelerated rise in the solubility 
and expansion curves seems to indicate an 
increased condensation of liquid out of the 
gas phase. In any case this behavior does 
not imply that the system is in the retro- 
grade region and is approaching the dew 
point; for under those circumstances the 
expansion factor would decrease with 
increasing pressure and the gas dissolved 
in the liquid phase would drop off in a 
similar manner. 


umes. On subtraction of the bubble-point 
gas solubility from the total gas-oil ratio, 
the surface volume of gas in the gas phase 
was obtained. By dividing this surface 
volume by the actual formation volume of 
the gas phase, the effective density was 
obtained. These are plotted in Fig. 8. 
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Fic. 8.—RELATIVE GAS DENSITIES AS FUNC- 


TION OF PRESSURE (GAUGE) FOR VARIOUS GAS- 
OIL RATIOS. 


Dashed line represents ideal gas behavior. 


The method of calculation just outlined 
is subject to error because of the assump- 
tion that the formation volume of the 
liquid in the two-phase system is the same 
as the bubble-point formation volume. 
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However, because of lack of more directly 
determined data, the results obtained by 
the procedure indicated were taken to be 
the practical 


sufficiently accurate for 
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The productivity calculations were car- 
ried out as in the previous case. The results 
for a reservoir pressure of 2500 lb. gauge 
are shown in Fig. 9. The general features of 
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FIG. 9.—PRODUCTION RATE VS. PRESSURE DIFFERENTIAL FOR RESERVOIR PRESSURE OF 2500-LB. 


: : GAUGE. 
R = gas-oil ratio, cu. ft. per bbl.; Q/k.# = bbl. per day per ft. sand per darcy. 


purposes of the present problem. The gas 
densities are different for the different 
gas-oil ratios (Fig. 8). This, however, is to 
be expected because of the differences in 
gas composition of the gas phase in the 
various gas-oil ratio combinations. From 
the same consideration one can see why 
the higher gas-oil ratio systems would 
involve greater degrees of dilution of the 
gas phase with the dry gas and hence 
result in lower gas phase densities. The 
ideal gas-law behavior for the gas phase 
is indicated by the dashed line of Fig. 8. 
Tf the deviations of the calculated curves 
from the straight line be interpreted in 
terms of the conventional pv vs. pressure 
plot it will be noted that for the gas-oil 
ratios of 525 cu. ft. per bbl. the curve 
throughout the whole range of pressure 
is on the downward segment. For the gas- 
oil ratio of 1500 cu. ft. per bbl., the pv plot 
would already show an approach to a 
minimum, and for the highest gas-oil ratio 
curve the minimum would be reached at 
about 2000 lb. and the curve would have 
traversed an appreciable part of the rising 
segment by the time the pressure of 2500 
lb. was reached. 


these curves are the same as those previ- 
ously found for the low-pressure reservoir 
system, and again show the dependence of 
the productivity factor both upon the gas- 
oil ratio and the absolute value of the 
pressure differential. To get a measure 
of the quantitative effect of these factors, 
we may note that since the surface viscosity 
of the oil is in the present case 1.38 centi- 
poises the productivity factor for a 
homogeneous liquid of this viscosity and 
with no expansion would be 0.675 bbl. per 
day per lb. per darcy. Considering this 
homogeneous value once more as unity, 
the limiting values of the productivity 
factor for the heterogeneous system and 
variable viscosity will be, for vanishing 
pressure differentials, 1.85, 1.12, and 0.41 
for gas-oil ratios of 525, 1500, and 10,000 
cu. ft. per bbl., respectively.* Thus we see 
that for the low gas-oil ratios the effect 
of the variability in viscosity more than 
counterbalances that due to the expansion 

* Because of the steep character of the saturation 
and permeability curves at the reservoir radius for 
the saturation gas-oil ratios (Figs. 4 and 10) the Q vs. 
Ap curves for these cases will rise very sharply at 
vanishing Ap. As this detailed variation cannot be 
shown on the graphs, the apparent productivity 


factors for these cases as read off the curves will be 
somewhat lower than the true factors. 
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factor and the drop in permeability, so as to 
give a relatively high productivity factor, 
whereas for the gas-oil ratio of 10,000 
cu. ft. per bbl. the drop in fluid saturation 
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Fic. 10.—SATURATION, RELATIVE LIQUID 
PERMEABILITY, AND PRESSURE DISTRIBUTIONS 
IN RESERVOIR SAND PRODUCING AT GAS-OIL 
RATIO OF 525 CU. FT. PER BBL. WITH RESERVOIR 
PRESSURE OF 2500-LB. GAUGE. 

Tw = well radius; 7 = radial distance from 
well center; p = saturation; ki/k, = relative 
liquid permeability; p/p. = pressure at radius 
r/reservoir pressure. 
and permeability is evidently the pre- 
dominating factor. The fluid saturation, 
permeability, and _ pressure-distribution 
curves for the two extreme gas-oil ratios 
(525 and 10,000 cu. ft. per bbl.) are shown 
in Figs. to and 11, respectively. Since the 
gas-oil ratio of 525 cu. ft. per bbl. is the 
saturation ratio at the reservoir pressure 
of 2500 lb., the saturation and relative 
permeability at the effective reservoir 
radii are unity in this case. As a whole the 
curves of Figs. 10 and 11 are similar to 
those previously found for the low-pressure 
reservoir, and need no further discussion. 


CONCLUSIONS 


As a whole, the results discussed in the 
preceding sections give a rather discourag- 
ing picture regarding the possibility of 
calculating productivity factors theoreti- 
cally from simple homogeneous fluid con- 
siderations. They show definitely that in a 
heterogeneous fluid system the produc- 
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tivity factor will depend not only upon the 
detailed characteristics of the fluid and 
sand, but also upon the gross and over-all 
parameters such as the gas-oil ratio, 


Fic. 311.—SATURATION, RELATIVE LIQUID 
PERMEABILITY, AND PRESSURE DISTRIBUTIONS 
IN RESERVOIR SAND PRODUCING AT GAS-OIL 
RATIO OF 10,000 CU. FT. PER BBL. WITH RESER- 
VOIR PRESSURE OF 2500-LB. GAUGE. 

YT. = well radius; r = radial distance from 
well center; p = saturation; kk, = relative 
liquid permeability; p/p. = pressure at radius 
r/reservoir pressure. 


pressure differential, and absolute reservoir 
pressure. In fact, because of the curvature 
of the plots of flow rate vs. pressure 
differential, there is in a strict sense no 
productivity factor at all that can be 
assigned to a gas and oil-producing system 
with any range of validity. Perhaps the 
only practical definition therefore would 
consist in restricting the productivity 
factor to the limiting slope of the curve of 
flow rate vs. pressure differential as the 
pressure differential is made vanishingly 
small. These are the productivity factors 
used in the comparisons made above. But 
even they, as has already been indicated, 
depend upon both the gas-oil ratio and 
absolute reservoir pressure as well as 
upon the fluid and sand properties. 
Unfortunately, there is no simple cor- 
relation evident between the various 
productivity factors found in the above 
calculations and the variations in the 
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parameters defining the individual cases. 
About all that can be definitely stated is 
that in the limit of vanishing pressure 
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if one knows the numerical values of the 
variables, the abscissa of Fig. 12 can be 
computed, and the effective value of the 


8 2 6 
100 }ig(R-S)/7B Ly 


= 
20 24 


Fic. 12.—PLOT OF EFFECTIVE LIQUID PERMEABILITY VS. PHYSICAL PARAMETERS OF FLOW SYSTEM. | 
Bo = homogeneous fluid permeability; wg, mi, are viscosities of gas and liquid phases; 
vy = gas-phase density; and 8 = expansion factor, all at reservoir pressure. S = saturation 


solubility and R = gas-oil ratio. 


differential the productivity factor can be 
expressed by a generalization of Eq. 2 in 


the form: 
po 3 2m(R/Ro)e 
f RohAp pe log re/Tw U7] 


where again k, is the homogeneous fluid 
permeability and the quantities (k/k.). 
and pu, represent the effective values of the 
actual relative liquid permeability and 
viscosity within the flow system. 

On the assumption that the total 
pressure drop over the sand is vanishingly 
small, one may take for mu. the liquid 
viscosity at the reservoir pressure and for 
the effective relative permeability that 
obtaining at the reservoir radius 7. 
Under these conditions one may relate the 
effective value of the relative liquid 
_ permeability to the other physical parame- 
ters of the system; namely, the gas viscos- 
ity, the gas-phase density, the oil-expansion 
factor, the reservoir-pressure solubility, 
and the over-all gas-oil ratio. This rela- 
tionship, which is difficult to express in 
simple mathematical form, is shown in 
Fig. 12, where the relative permeability is 
plotted against the composite function 
of the above-mentioned variables. Thus 


relative permeability can be read from 
the curve. Putting this value into Eq. 7, the 
limiting productivity factor for vanishing 
pressure differentials will be obtained. In 
this way can be avoided at least the neces- 
sity of going through the detailed cal- 
culations and integrations required for 
establishing the complete curves of flow 
rate vs. pressure differential and the 
saturation-permeability and pressure-dis- 
tribution curves, 

It will be noted from Fig. 12 that up 
to abscissa values of 25, which includes 
the numerical cases previously considered, 
the maximum reduction in productivity 
factor due to the heterogeneous character 
of the flow will correspond to a ratio of 
4.5 between the homogeneous and hetero- 
geneous factors. This ratio seems to be 
far too small to account for the empirical 
curve of Pyle and Sherborne! relating 
the productivity index with the average 
sand permeability. According to this latter 
curve (Fig. 211%) the observed productivity 
factor might be even less than 9 of that 
calculated from the average sand permea- 
bility on the basis of homogeneous fluid. 
As has already been indicated, no account 
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has been taken in the calculations or in 
Fig. 12 of the possible effect of connate 
water on the productivity factor. To see 
whether the discrepancy between Fig. 12 
and the implications of Fig. 21 of Pyle 
and Sherborne might be accounted for 
by the effect of connate water, additional 
calculations were carried out for the 
limiting productivity factors for systems 
in which the connate-water saturation 
was either 30 or 40 per cent. The per- 
meability-saturation data used for these 
calculations were obtained from the work 
of Leverett and Lewis! for an unconsoli- 
dated sand. The results are shown in 
Table 1. The values in column 2 cor- 


TABLE 1.—Calculations for Systems Con- 
taining Connate Water 


R, Cu. 
Ft. per 
Bbl. 


Factors? 


° pw = water saturation; pe, we, Be = pressure, oil 
viscosity, and expansion factor at the reservoir radius; 
(ki/ko)e = effective over-all permeability ratio. 
responding to a water-free sand do not 
agree exactly with those given previously 
and plotted in Fig. 12, because the per- 
meability-saturation relationship of un- 
consolidated sand was used here, as well 
as for the sands containing water, so as to 
obtain a more direct indication of the 
effect of the connate water. It will be noted 
that the connate water may have a very 
material effect in cutting down the observed 
productivity factor, although it seems 
that not all of the discrepancy between 
the theoretical predictions and the obser- 
vations of Pyle and Sherborne can be 
thereby explained. In any case, it is clear 
that in order to make even a semiquantita- 
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tive theoretical prediction of the pro- 
ductivity factor one should take into 
account the connate-water saturation as 
well as all the other various factors already 
considered. 

A final limitation to the applicability 
of these results arises from the assumption 
of the steady-state character of the flow 
system, already discussed. It must be 
admitted that herein lies a real uncertainty 
in the application of any formulas or 
method for the calculation of productivity 
factors. However, it is felt that when a 
well has been producing at a fixed rate 
for an extended period of time the steady- 
state approximation should be reasonably 
accurate. In any case, it would be desirable 
to obtain definite evidence on this point 
from direct well measurements. 
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DISCUSSION 


DISCUSSION 
(C. A. Warner presiding) 


KE. G. Trosrer,* Alhambra, Calif.—The 
authors say that theoretical calculations show 
that the productivity factor should vary over 
wide limits with changes in pressure differential 
and gas-oil ratio. It has been my experience 
that the productivity factor, or productivity 
index, as actually measured will usually 
remain sensibly constant over a wide range of 
variance in pressure differential and often 
gas-oil ratio. This fact has been reported in 
the literature by several investigators. I should 
like to ask how the authors reconcile the theo- 
retical considerations with such experimental 
field data. 


M. Musxat (author’s reply). —Mr. Trostel’s 
comments are well taken. For the theoretical 
calculations of the paper do show that the 
productivity factors of producing sections may 
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vary over wide limits, depending upon the gas- 
oil ratio, and possibly by a factor of two with 
variations in the pressure differential. These 
calculations, however, refer to steady-state 
conditions and are not directly applicable to 
the interpretation of short-period transient 
fluctuations. Thus they imply that there should 
be a gradual decrease in the productivity fac- 
tor in gas-drive fields as the gas-oil ratio in- 
creases during the course of the production 
history, but do not apply to the prediction of 
the results of production tests under varying 
conditions over periods of the order of a few 
days. Mr. Trostel’s remark that his experience 
shows a constancy of the productivity factor is 
of value in suggesting the need for further 
detailed study of individual well performance. 
However, this would be greatly assisted by the 
presentation of the quantitative field data and 
conditions of tests upon which his conclusions 
were based. It is only when such detailed data 
are available that interpretations can be made 
of individual well behavior. 


Density of Natural Gases 


By MarsHa.t B. STANDING* AND Donatp L. Katz,* MemBer A.I.M.E. 


(New York Meeting, February 1941) 


Density data are reported on 16 saturated 
hydrocarbon vapors at pressures ranging from 
1000 to 8220 lb. per sq. in. and at temperatures 
ranging from 35° to 250°F. These data have 
been used to extend the compressibility-factor 
chart for natural gases up to 10,000 lb. per 
sq. in. The relatively large quantity of high- 
boiling constituents present in high-pressure 
vapors in equilibrium with crude oils makes it 
necessary to include in the analysis of the gas 
the molecular weight, density, and possibly 
boiling range of the heptanes and heavier 
fraction. Relationships have been presented by 
which the density of gases may be obtained 
directly from the temperature, pressure, and 
gas gravity provided the gases have a common 
source or are similar in composition. 


INTRODUCTION 


The densities of natural gases are neces- 
sary in many engineering computations in 
petroleum production and utilization. Gas 
reserves, changes in reservoir pressure, gra- 
dients in gas wells, metering of gases, pipe- 
line flow, and compression of gases are 
typical problems requiring the density of 
the gas. A decade ago, engineering compu- 
tations used ideal gas laws with deviations 
up to 500 lb. per sq. in.4 Recent discoveries 
of pools having pressures up to 7500 lb. per 
sq. in., and installation of pressure-mainte- 
nance and recycling plants, have increased 
the need for data on gas density at high 
pressures, 


METHODS OF COMPUTATION 


The accepted method of computing the 
density or specific volume of natural gases 


Manuscript received at the office of the Institute 
Dec. 31, 1940. Issued as T.P. 1323 in PETROLEUM 
TECHNOLOGY, July 1941. 

* University of Michigan, Ann Arbor, Mich. 

4 References are at the end of the paper. 


is the use of the ideal gas law corrected by a 
compressibility factor. The method pro- 


posed by Kay’ of correlating compres-— 


sibility factors for gaseous mixtures on 
pseudocritical properties’ appears to be 
satisfactory for natural gases. The meth- 
ane-compressibility factor has been shown 
to deviate systematically from the behavior 
of natural gases? and a chart giving these 
corrected factors is available. 

A method of computing specific volume 
of gaseous mixtures from partial molal 
volumes has been reported by Sage and 
Lacey.’ Complete data for the computation 
are not yet available for all hydrocarbon 
gases. 

Most of the reported data on gas densi- 
ties have been in the single-phase region 
removed from the dew point or saturation 
condition. Since most gases in the reservoir 
or while on contact with liquid during flow 
are saturated, the determination of densi- 
ties under conditions of saturation is 
particularly important. Although there is 
no reason to believe that the saturated 
gases differ in behavior from those consider- 
ably removed from their dew points, the 
usual experimental determinations find 
difficulty on approaching the dew-point 
conditions. 

This paper reports the density of 16 
saturated gases in equilibrium with crude 
oils. The relationships developed to com- 
pute the density of gases to high pressure! 
have been modified and enlarged. A simpli- 
fied method of obtaining gas density is 
presented in the form of charts, which 
apply for specific groups of gases. 
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Data OBTAINED 


In the process of obtaining equilibrium 
data on mixtures of natural gas and crude 
oils, the density and analysis of the satu- 
rated vapor phases were obtained. These 
data were in the range of 35° to 250°F. and 
1000 to 8220 lb. per sq. inch. 

The vapors in equilibrium with crude oil 
were transferred, by mercury displacement, 
at constant temperature and pressure from 
the equilibrium cell into pycnometers of 
25-ml. capacity. The contents of the 
pycnometer were discharged into a low- 
temperature fractionating column, to ob- 
tain the analysis of the gas. In all cases the 
pycnometer was weighed before and after 
discharging the gas and any mercury ac- 
companying the gas was collected and 
weighed. The combined error on weighing 
is estimated as +0.04 gram out of 1.35 
gram for the gas of lowest density and 11.2 
grams for the gas of highest density. 

The presence of relatively large quanti- 
ties of heptanes and heavier required refine- 
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ments over the usual gas analysis. The 
heptane-plus fractions were collected and 
weighed as a liquid. The density and 
molecular weight were measured if suffi- 
cient quantities were available. 

A smooth curve relationship exists be- 
tween the liquid density and molecular 
weight of the heptanes plus and was used if 
the data for either were lacking. It was 
found that there was a permanent hold-up 
in the fractionating column packing as high 
as o.5 gram. Differences between the 
weight of gas out of the pycnometer and the 
weight of the gas accounted for in the 
analysis varied up to this quantity. Accord- 
ingly, the weight of the heptanes and 
heavier was taken as the difference between 
the pycnometer weight of the gas and the 
weight of the hydrocarbons of molecular 
weight lower than heptane. 

A typical analysis of the saturated vapor 
is given in Table 1. The absence of iso- 
butane is due to the method of blending a 
butane-free gas with the Arkansas crude® 


TABLE 1.—Typical Analysis of Vapor 
Pressure, 4310 Lb. per Sq. In. Absolute. Temperature, 250°F. 


Critical Mol 

Mol F Critical Pressure, Mol Mol Beaction 

Compound 01.1 T8C- | Temperature,| Pc, Lb. | Fraction | Fraction Mol 
tion Deg. R per Sq. X pTe X pPe Bion 

; In, Abs. Weight 

Wet hiantionmesetaarynic c,ctet.cvelet aie glen were. 0.8058 344 673 27/7 2 542.3 12.80 
WORD ANE sat. a+ 0.0386 549 702) 2752 275 I.16 
PTOPANes co... cs 0.0117 666 617 7.8 7.2 0.51 
Normal butane. 0.0197 766 551 5. % 10.8 I.14 
WSO MeeTUEILCe cavayttiyevedaifisye,’« «) asellese sieseieio oi 0.0170 829 483 TAST 8.2 be22 
Normal pentane... .... osc wctgcee ac o's 0.0280 846 485 2a07) 136 2.01 
MSO ATES fri ciara ask ate alate sane) dionaie Giapeceie 0.0123 900 451 LI. 1 els I.06 
Normal hexane/j: ss specie sls cls isc.ccalcrsie's © 0.0148 914 435 13.5 6.4 eS) 
Heptanes-+ heavier.....5........---. 0.0521 1132 360 59.0 18.7 7.24 
I.000 442.7 640.2 28.50 


i 
Heptanes and heavier: molecular weight, 139; specific gravity, ®96o, 0.791. 


Gas gravity = a = 0.085 
aad m = — Saale 
Lz = ve = aso e = 1.603 Z from Fig. 2 = 0.933 
PV = NZRT N = — = pounds divided by mol weight 
py = WERE 
Calculated density = 1b. per cu. ft. = x = as = Ti ea ee = 17.35 lb. per cu. ft. 


Experimental density = 0.277 X 62.43 = 17.29 Ib. per cu. ts 
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and varying quantities of natural gasoline® 
that contained normal butane but no 
isobutane. Data on the density and proper- 
ties of 16 saturated vapors in equilibrium 
with a crude oil are given in Table 2. 


PSEUDOCRITICAL CONDITIONS OF 
HEPTANES AND HEAVIER 
FRACTIONS 


Computation of the pseudocritical tem- 
perature and pressure of a gas is given in 
Table 1. Because of the high content and 
high molecular weight of the heptanes and 
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vised to be in agreement with Smith and 
Watson’s newly defined boiling points. 
This mean average boiling point may be 
converted to the molal average from the 
knowledge of the initial boiling point of 
about 200°F. for the heptanes and heavier 
fraction. The molal average boiling point 
and gravity give the pseudocritical tempera- 
ture by Smith and Watson’s relationship. 
The densities and molecular weights of 
heptanes and heavier of Table 2 have been 


used to compute the pseudocriticals shown — 


in Fig. 1. It should be noted that the 


TABLE 2.—Properties of Saturated Gases 


Experi- 
Dee ae ice 
-+ | Temper- - Mol Per | Mol Per . menta’ om- 
Run No. sure, Lb aetna: resale Cent Cent ae Wt. z F802, Density,| pressi- 
per Sa. | Deg. F.| A = 7!) CHy Crt 7 1° °%o! Gram | bility 
In, Abs per C.C.| Factor 
Zz 

A-5.. 1,000 120 0.659 | 0.9200 | 0.0090 I10> 0.742 0.0564 0.870 
ARAL orc ern 1,600 120 0.671 | 0.9158 | 0.0124 Troe 0.742 0.007 0.826 
A-I... 3,185 120 0.766 | 0.8800 | 0.0303 131 0.775" 0.224 0.810 
A-21 5,270 120 0.840 | 0.8588 | 0.0400 127 0.788 0.340 0.970 
A-3 8,220 120 0.800 | 0.8440 | 0.0444 144 0.802 0.404 1.358 
B-r 2,920 250 0.766 | 0.8750 | 0.0268 15> 0.753° | 0.154 0.884 
CS aE ead Beaton 1,010 120 0.629 | 0.9345 | 0.0021 too 0.725% | 0.0556 0.852 
C-1 2,880 120 0.736 | 0.88905 | 0.0180 113 0.750> 0.203 0.777 
C-31 5,330 120 1.040 | 0.7005 | 0.0573 I5I 0.800 0.400 1.031 
Dat ot ea rier 4,330 120 0.876 | 0.8340 | 0.0375 123 0.788 0.327 0.865 
E-1, 4,105 120 0.736 | 0.8920 | 0.0243 130° 0.771 0.261 0.879 
F-r. 3,185 250 0.915 | 0.8450 | 0.04905 130 0.768 0.192 0.925 
F-2. 4,310 250 0.985 | 0.8060 | 0.0521 139 0.791 0.277 0.931 
ie 322 ea anton inete 5,530 250 1.070 | 0.7840 | 0.0588 157 0.808 0.349 I.031 
adh titre ngs tv Anataat Sie te 3,485 35 0.926 | 0.8230 | 0.0434 128 0.765 0.383 0.737 
Gea S NW Aer sire holes 4,970 35 1.074 | 0.7810 | 0.0631 145° 0.792 0.463 1.008 

@ Series Avanaub scr kcmuerre ere a « 7,000 cu. ft. gas per bbl. 50 vol. crude + 50 vol. gasoline. 

Series Cp Piand Getien mee wa oe ets 3,500 cu. ft. gas per bbl. 50 vol. crude + 50 vol. gasoline. 

DOGG LO ache ise celts ethic rdaaete mies 7,000 cu. ft. gas per bbl. 25 vol. crude + 75 vol. gasoline. 

Sertes: Din..ccevar meen cadena 7,000 cu. ft. gas per bbl. 75 vol. crude + 25 vol. gasoline. 


+ Estimated. 


Natural gas: gravity = 0.596; CH4, 93.20 per 


cent; C2H6, 4.25 per cent; C3Hs, 1.61 per cent; 


No, 0.43 per cent; COs, 0.51 per cent. 


heavier fractions, the usual procedure of 
using the critical properties of heptanes or 
octanes for this fraction is no longer reliable. 

Smith and Watson” reported a method 
of obtaining the pseudocritical pressure 
directly from liquid density and molecular 
weight. For the pseudocritical temperature, 
the molal average boiling point must be 
known in addition to the liquid density. 
The mean average boiling point! may be 
obtained from the density and molecular 
weight by a chart similar to that given by 
Egloff and Nelson (ref. 3, p. 235) and re- 


calculated values deviate somewhat from 
the normal paraffin curve of critical tem- 
peratures and pressures as a function of 
molecular weight. The difference between 
the calculated pseudocriticals and the criti- 
cals of the normal paraffin hydrocarbons is 
much smaller when using the molecular 
weight of the heptanes and heavier than 
when using the liquid density as the cor- 
relating factor. In no case would the critical 
properties of heptanes have been repre- 
sentative of the heptanes and heavier frac- 
tion. Since the data given are for saturated 
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vapors, it is indicated that the molecular 
weight, liquid density, and boiling range if 
possible, should be measured for gases at 
equilibrium above rooo lb. or with appreci- 


PSEUDO CRITICAL TEMPERATURE 
° 


PSEUDO CRITICAL PRESSURE 
LBS.7SQ..1N. ABS. 


able quantities of heptanes and heavier 
present. 


COMPRESSIBILITY FACTORS FOR NATURAL 
GASES 


The pycnometer density and the molecu- 
lar weight of the gases, gas gravity referred 
to air, were used to compute the compressi- 

_ bility factors of the saturated vapors, Table 
_ 2. Excellent agreement was found between 
these values and those from the chart for 
natural gases? up to reduced pressures of 
about 5. At higher pressures, the data 
deviated from the natural-gas chart and 
were closer to the values from the chart 
based on pure methane. The measured 
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density of the saturated vapors at 8220 lb. 
per sq. in. and 120°F. checked the computed 
density within the error of reading the 
methane chart. 


100 
MOLECULAR WEIGHT 
Fic. 1.—VARIATION OF PSEUDOCRITICALS WITH MOLECULAR WEIGHT. 


The data on gaseous mixtures available 
to construct the chart for natural gases? 
were meager above 3000 lb., and the chart 
had been extended only to a reduced pres- 
sure of 8. Since it did not cover the pressure 
range of this investigation, and was shown 
to deviate consistently at pressures above 
reduced pressures of 5, a revised and 
extended plot was prepared (Fig. 2). This 
compressibility-factor chart is identical 
with the former chart!? up to reduced 
pressures of 4. Using the data of Table 2 
and the methane chart as a guide, Fig. 2 
was drawn up to a reduced pressure of 15 or 
gooo to 10,000 lb. per sq. inch. 
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RELATIONSHIPS OF GAS GRAVITY AND curves for miscellaneous gases.! All gases 
Gas DENSITY whose pseudocritical temperatures and 

The gas gravity, compared to air, and pressures fit these gravity curves have the 
pseudocritical conditions gave a smooth same density for a temperature, pressure 
relationship when compared with the and gas gravity independent of composi- 
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tion. This simplification makes it possible 
to construct charts giving gas density as a 
function of temperature, pressure, and gas 
gravity or molecular weight. 

The hydrocarbon gases used to construct 
the curve of Fig. 3 contained more than 83 
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For the gases represented by Fig. 3, 
density plots have been prepared. Fig. 4 
gives the density of these gases with gravi- 
ties (air = 1.0) from 0.6 to 0.8, and Fig. 5 
from o.9 to 1.1 for pressures from 100 to 
10,000 lb. per sq. in. and temperatures from 


© MISCELLANEOUS DATA 
@ AUTHORS’ DATA 
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Fic. 3.—VARIATION OF PSEUDOCRITICALS WITH GAS GRAVITY. 


per cent of combined methane and heptanes 
and heavier fraction. Gases containing over 
2 or 3 per cent of nitrogen or high con- 
centrations of ethane, propane, and butanes 
deviate from the curves given. In all such 
cases, whenever the analysis is available, 
the pseudocritical conditions should be 
computed to establish the position of the 
curve on Fig. 3. 


o to 300°F. Table 3 shows a comparison 
between the measured density, the density 
by the calculated pseudocriticals and Fig. 2, 
and the density from Figs. 4 and 5 for 
the authors’ data. As would be expected, 
the densities computed from individual 
pseudocritical conditions and the compres- 
sibility-factor chart are superior to those 
from the gravity-density charts and are in 
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TABLE 3.—Comparison of Experimental and Calculated Densities 


Run No. 


oO. 
oO. 
oO. 
oO. 
oO. 
oO. 
oO. 
oO. 
I. 
oO. 
oO. 
oO. 
oO. 
tT. 
oO. 
I. 


good agreement with the experimental 
values. However, for gases containing less 
than 2 or 3 per cent nitrogen and more than 
83 per cent of combined methane and 
heptanes and heavier, Fig. 4 is a convenient 
and quick method of obtaining densities for 
general engineering calculations. 


TABLE 4.—Comparison of Experimental 
and Calculated Densities of Rio 
Bravo Gas 


Density 

Pressure, . ’ 

Lb. per Sq. ei 
In. Abs. Cu. Ft 


The recent density data of Sage and 
Reamer? on the separator gas from the Rio 
Bravo field are compared with the com- 
puted densities and compressibility factors 
in Table 4. The agreement between com- 


. Calcu- 
de ce lated ine 
. 1g. 4, 

eons: Density. hoes mee 

Lb. per | rp, per Cu. Ft. 

Cu. Ft. | Cu. Ft. 
is : +52 3.50 3-55 
2. ba 06 6.12 6.15 
4. ps xe) 14.4 14.8 
8. r. ae] 20.8 21.0 
Ze s, 22 25.2 25.3 
4. i; -61 9.55 9.59 
a f. -47 feet 3.39 
4. rs Ay Sy | 12.9 
8. I< me) 25.5 25.6 
6. ts - 20.2 20.1 
6. 1. 3 16.3 16.6 
4. I ¢ x) 12.8 be ek | 
6. x. 2 17.3 18.0 
8. ia .8 27.6 hee] 
is E. .9 24.2 
hs Ts .9 28.6 


puted and experimental results should be 
representative of gases of that type since 
the data were not used in any of the 
correlations. 

A set of charts giving the density as a 
function of gas gravity, temperature, and 
pressure could be prepared for any series of 
gases that have a smooth relationship be- 
tween gas gravity and pseudocritical condi- 
tions. Gases from a common source, such as 
covered by the data of this paper, or gases 
of similar composition may be expected to 
have such a relationship. 


CONCLUSIONS 


1. Density data have been reported on 16 
saturated hydrocarbon vapors in the range 
of 35° to 250°F. and 1000 to 8220 pounds. 

2. The compressibility-factor chart for 
natural gases has been revised and extended 
to 10,000 pounds. 

3. The molecular weight, density and 
boiling range of the heptanes and heavier 
fraction has been shown to be an important 
part of the gas analysis for saturated vapors 
at high pressure and temperature. 

4. Relationships have been presented by 
which the density of hydrocarbon gases 
containing more than 83 per cent of com- 
bined methane and heptanes plus may be 
obtained from temperature, pressure, and 
gas gravity (air = 1.0) directly. 
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Natural Gas Hydrates 


By Don B. Carson* AND Donatp L. Katz,j Memper A.I.M.E. 


(Dallas Meeting, October 1941) 


NATURAL gases under pressure form crystal- 
line hydrates with water. Experimental data 
are reported on four-phase equilibrium for 
the methane-propane-water, methane-pentane- 
water, and methane-hexane-water systems. 
Temperatures and pressures for equilibrium 
between gas, water-rich liquid, hydrocarbon- 
rich liquid, and hydrate were measured, as 
well as the percentages of methane and pro- 
pane in the hydrate. The data indicate that 
natural gas hydrate behaves as a solid solution 
and that pentanes and heavier hydrocarbons 
do not enter into the solid phase. Vapor-solid 
equilibrium constants are presented that per- 
mit the approximation of the conditions for 
hydrate formation, from the composition of 
a gas. 


INTRODUCTION 


Natural gas hydrates have been the 
object of considerable research in recent 
years, because of the trouble they have 
caused in the natural-gas and natural- 
gasoline industries. Natural gas hydrates 
are white crystalline compounds of water 
and gas, which, under pressure, exist at 
temperatures considerably above the freez- 
ing point of water. Because of the relatively 
high temperatures at which the hydrates 
exist, they become a nuisance in high- 
pressure gas operations where water is 
present, since their formation causes 
partial or complete plugging of valves and 
pipes. From a practical standpoint, the 
trouble incident to hydrate formation has 
been solved by dehydration of the gas 
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before it enters the plant or pipe line, or 
by other remedial measures. 

Extensive work on gas hydrates in the 
latter part of the nineteenth century, by 
Villard! and others, gave data on methane 
hydrate and on ethane hydrate. Schroeder 
summarized these theoretical studies.” 
Hammerschmidt* introduced the informa- 
tion on gas hydrates to the gas industry 
and Deaton and Frost*-* gathered a 
considerable number of data on the 
behavior of natural gas hydrates. Recent 
papers’:® have extended both the data 
and the theory of these hydrates. 

At present, data are available on tem- 
peratures and pressures of hydrate forma- 
tion for pure methane, ethane, propane, 
n-butane, methane-ethane mixtures, meth- 
ane-propane mixtures, methane-butane 
mixtures, and some 15 natural gases, 
all in the presence of excess water. How- 
ever, up to the present time no method 
has been available for predicting the 
temperature at given pressures or the 
pressure at given temperatures at which 
natural gases will form hydrates if 


saturated with water. This paper pre- . 


sents data on the methane-propane-water, 
methane-pentane-water and methane-hex- 
ane water systems in four phases, one 
of which is the hydrate. The application 
of the phase rule to the methane-propane- 
water data proves that hydrates behave 
as solid solutions. The data of this paper 
and those in the literature were used 
to develop vapor-solid equilibrium con- 
stants,® which permit prediction of con- 
ditions of hydrate formation from the 
analysis of a natural gas. 
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EXPERIMENTAL MEASUREMENTS 


The experimental data are limited to 
measurement of temperatures and_pres- 
sures for hydrate formation and phase 


CONTROL BOARD 


Tot 


cell. The presence of the hydrocarbon-rich 
liquid with two hydrocarbon components 
present, ensured a constant composition 
vapor at given temperatures and _pres- 


BATH AND HYDRATE CELL 


Fic. 1.—APPARATUS FOR FORMING HYDRATES. 


compositions using three-component sys- 
tems in four phases—gas, hydrocarbon-rich 
liquid, water-rich liquid and hydrate or 
solid phase. _ 

The apparatus (Fig. 1) consists mainly 
of a glass-windowed cell similar to that 
previously described® but which is capable 
of rotation for agitation of the contents of 
the cell. The temperature of the cell is 
indicated by the glass thermometer in 
the constant-temperature water bath sur- 
rounding it. The pressures were measured 
by a calibrated Bourdon tube gauge. 

The materials used consisted of methane 
from the Buttonwillow field in California, 
reported to contain 0.3 per cent carbon 
dioxide and 99.7 per cent methane. The 
propane used in most of the experiments 
was c.p. propane from Phillips Petroleum 
Co. with negligible impurities but in the 
last eight runs of methane-propane-water 
- the propane used contained 0.9 per cent 
unsaturates and similar amounts of other 
impurities. The pentanes were a cut from 
a distillation analysis of a butane-free 
naphtha. The hexane was c.p. n-hexane 
from Phillips Petroleum Co. 

The data obtained were the pressures, 
at defined temperatures under which 
hydrates formed, with four phases in the 


sures, and the resulting hydrate was 
thus formed in equilibrium with constant 
composition vapor and liquids. The tech- 
nique of obtaining hydrates with the two 


TABLE 1.—Four-phase Equilibria Data for 
Methane-propane-water System 


Equi- Mol Mol 
Tempera- librium Per Cent Per Cent 
ture, Pressure, | Propane in | Methane in 
Deg. F. Lb. per Sq. {| Hydrate, Hydrate, 
In. Abs. Dry Basis | Dry Basis 

7205 1052 39 61 
69.7 7174 53.6 46.4 
65.5 521 58.8 41.2 
61.9 403 73.6 26.4 
58.5 310 74.1 25.9 
65.3 » 534 51.2 48.8 
51.2 177 86.5 T2555 
64.2 478 60.5 30.5 
51.6 187 
55.1 230 
61.9 408 
64.9 508 
69.8 832 \ 
68.8 704 48.5 51.5 
71.4 789 
56.6 256 76.5 23.5 
54.1 263 


liquids and gas phase present was similar 
to that previously reported except that 
agitation was continuous. The data ob- 
tained are given in Table 1. 

The composition of the hydrocarbons in 
the hydrate was measured for the methane- 
propane-water system. A large quantity 
of hydrate was formed in the presence of 
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four phases; the hydrocarbon-rich liquid 
phase disappeared as the end of the hydrate 
formation was reached. Mercury was 
used to displace the gas and as much of 


LBS. / SQ. IN. ABS. 


PRESSURE, 


{e) 60 6 
TEMPERATURE , ‘F 
Fic. 2.—QUADRUPLE LOCUS FOR THE METHANE- 

PROPANE-WATER SYSTEM. 


the water-rich phase as possible, leaving 
the crystals with some adherent liquid. The 


TABLE 2.—Four-phase Equilibrium Data 
for Methane-pentane-water and 
Methane-hexane-water Systems 


Equilibrium 


Hydrocarbon Temperature, 'ressure, 
Components F, Lb. per Sq. 
In. Abs. 
Methane, n-hexane... 41. 620 
4! 622 
Methane, n-hexane... 39. 618 
861 


Methane, pentanes... 


> 
a 
NADAL CAO 


hydrate was then decomposed and the 
gas evolved was analyzed for methane 
and propane by the gas-density method. 
The results are shown in Table 1. 


NATURAL GAS HYDRATES 


Mixtures of pentanes with methane and 
n-hexane with methane were also brought 
into the four-phase equilibria using tech- 
nique similar to that for the methane- 
propane-water system. Table 2 gives the 
data obtained for these mixtures with 
water in excess. 


PHASE RULE PROOF OF SOLID SOLUTION 


The phase rule states that the number 
of components plus two and minus the 


number of phases equals the degrees of - 


freedom: 
C+2—P=FfF [x] 


The data on the methane-propane-water 
equilibria studied are plotted on Fig. 2 


and show one degree of freedom. According | 


to the phase rule, this system then com- 
prises four phases, since there are three 
components. The gas, water-rich liquid 
and hydrocarbon-rich liquid phases were 
observed to be present in addition to the 
solid hydrates, which indicates that the 
solid hydrate is only one phase. 

The hydrate-composition data are plot- 


~ ted on Fig. 3, giving the mol per cent 


propane on a water-free basis. 

The continuous change in the concentra- 
tion of the hydrocarbon constituents of 
the hydrate along the four-phase equi- 
librium line or quadruple locus indicates 
that the single-phase hydrate gradually 
changes in composition. This behavior is 
characteristic of solid solutions and indi- 


cates that natural gas hydrates are likely 


to be solid solutions. 


COMPOSITION OF PHASES 


Deaton and Frost® presented hydrate- 
formation conditions for various methane- 
propane mixtures in the presence of 
liquid water. These measurements were 
made with three phases at equilibrium— 
gas, water-rich liquid and hydrate. This 
information and the data on the methane- 
propane system® were used to construct 
Fig. 4, which shows the intersection of 
vapor compositions in equilibrium with 
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hydrate and in equilibrium with hydro- 
carbon liquid. These intersections are the 
four-phase equilibria points if it is assumed 
that the effect of water on the methane- 
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pure propane increases the vapor-liquid 
equilibrium pressure from 171 lb. only to 
179 lb. per sq. in. abs. at go°F. These 
two observations indicate that the pres- 


METHANE - PROPANE - 
WATER SYSTEM 


PRESSURE , LBS. /SQ.1N. ABS. 


propane vapor-liquid equilibrium reported 
by Sage, Lacey and Schaafsma’ at these 
temperatures and pressures is negligible. 
The quadruple locus of Fig. 2 has been 
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Fic. 3.—HyYDROCARBON-PHASE COMPOSITIONS FOR FOUR-PHASE EQUILIBRIUM. 


ence of a water-rich liquid has little effect 
on the vapor-liquid equilibrium at the 
indicated temperatures. At least, the 
change in the ratio of the hydrocarbon 
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placed on Fig. 4, and gives a smooth 
extrapolation of the vapor-liquid equilibria 
curves. Chaddock reports’ that the pres- 
ence of a water-rich liquid phase with 


compositions because of the presence of 
the water may be slight. On this basis, 
the data on the liquid-vapor equilibrium® 
have been placed on Fig. 3 and used as 
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the dry compositions of the vapor and 
hydrocarbon-rich liquid in the four-phase 
equilibria. 

The scattering of the points on the 
hydrate compositions (Fig. 3) probably 
is due to incomplete separation of the 
phases when the gas and liquid phases 
were removed from the cell. 


ABSENCE OF PENTANE AND HEXANE 
HyYDRATES 


Since extrapolation of the trend of forma- 
tion of ethane, propane, and z-butane 
hydrates indicates that the temperatures 
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Fic. 5.—CONDITIONS FOR FORMATION OF 
NATURAL GAS HYDRATES. 


at which pure pentane would be expected 
to form hydrate are below 32°F., no data 
on pentane or hexane hydrates are obtain- 
able by the usual procedure. If pentane 
forms a hydrate, mixtures of methane and 
pentane should form hydrate at tempera- 
tures above 32°F. The addition of ethane, 
propane and the butanes to methane 
lowers the pressure for hydrate formation 
below that required for pure methane at 
the same temperature. This change in 
equilibrium pressure is accompanied by 
the change in hydrate composition from 


NATURAL GAS HYDRATES 


pure methane and water to a solid solution 
of both hydrocarbons and water. 

The data on methane-pentanes-water 
and methane-n-hexane-water of Table 2 
when plotted fall along the curve for pure 
methane (Fig. 5). This indicates that 
paraffin hydrocarbons boiling above n- 
butane may not form hydrates. The data 
of Deaton and Frost’? on binary hydro- 
carbon mixtures have been plotted on 
Fig. 6 to show the effect of constituents 
other than methane. The hydrate-forma- 
tion pressure at 35°F. for the mixtures is 
subtracted from 447 lb., the value for 
pure methane, and this difference is 
plotted as a function of the concentration 
of the other constituent. The deviation 
increases from ethane to propane to iso- 
butane but decreases to w-butane. It 
should be noted that the equilibrium pres- 
sure for the o.8 per cent n-butane con- 
centration was reported to be the same 
as for pure methane. Since the concentra- 
tion of isopentane or m-pentane, in the 
vapor never exceeded 1.5 per cent, complete 
proof of the inability of pentane to form 
hydrate at high pressures with higher 
concentrations is lacking. However, the 
trend from ethane to n-butane is such 
that there is a distinct possibility that 
pentane does not enter into the hydrate 
crystal structure. 


EQUILIBRIUM CONSTANTS TO PREDICT 
HypDRATE FORMATION 


The 
hydrates are solid solutions and _ the 
hydrate-composition data given justify an 
elaboration of the vapor-solid equilibrium 
constant concept previously proposed.’ 
These constants permit computation of 
the hydrate-formation conditions from 
the analysis of the gas, which is the desired 
correlation. The vapor-solid equilibrium 
constant, A,_, is defined by equation 2, 
and considers only the hydrocarbon portion 
of the vapor and solid phases. These 
vapor-solid equilibrium constants may be 


substantiation that natural-gas — 
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_mol fraction of a hydrocarbon in vz apor (dry be asis) 


mol fraction of a hydrocarbon in hydrate (dry basis) 

[2] 
used in a manner similar to that for vapor- 
liquid equilibrium constants, computing 
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In obtaining the vapor-solid equilibrium- 
constant chart for methane (Fig. 7), three 
sources of data were used. The points where 
K =1 are from the hydrate-formation 
curve for pure methane.*.7 One experi- 
mental K was available for methane for 
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hydrate-formation temperature or pres- 
sures instead of dew-point temperatures 
and pressures, and so forth. 
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each pressure from the present data 
(Fig. 3). Hammerschmidt* reported the 
composition of a pipe-line gas and a gas 


156 


resulting from decomposition of a hydrate 
formed at 600 lb. per sq. in., giving K for 
methane at this pressure. 
points, the K-curve for methane at 600 
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lb. per sq. in. was drawn, and curves for 
other pressures were drawn in symmetri- 
cally. By extrapolation, the range of pres- 
sures covered was expanded. 


The equilibrium constants for ethane, 


propane, and isobutane next were calcu- 
lated by using the binary hydrocarbon- 
mixture data for methane and these 
several components.® The relationship 


used in this calculation is > 2 must equal 


unity at conditions of hydrate formation. 
The equilibrium constants shown in Figs. 
8, 9 and ro were obtained in this manner. 

In the use of the equilibrium constants 
to calculate hydrate-formation conditions 
for some temperature, assumptions are 


made as to the pressure until yz =1 


for all the components. All components 
heavier than the butanes, including nitro- 
gen, have a vapor-solid equilibrium con- 


Using these 
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stant of infinity, since they are not known 
to form hydrates. Fig. 6 shows that the 
hydrate properties of n-butane in natural- 
gas mixtures are close to those of ethane, 
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and since there are few data on n-butane- 
methane mixtures, the equilibrium con- 
stant for m-butane is taken as equal to 
that for ethane. This assumption involves 
considerable error if the n-butane con- 
centration in the gas is high. Carbon 
dioxide and hydrogen sulphide form 
hydrates with water in the pure state and 
when present in a gaseous mixture may be | 
expected to enter the solid solution. 
Examination of data on the pure con- 
stituents indicates carbon dioxide equi- 
librium constants might lie halfway be- 
tween ethane and methane while hydrogen 
sulphide may be similar to isobutane in 
its tendency to form hydrates. In the 
absence of data, the use of such equivalents 
is recommended for low concentrations. 

It is appreciated that the assumptions 
and extrapolations used to prepare the 
equilibrium-constant charts might leave 


DISCUSSION 


considerable doubt as to their reliability. 
The use of these charts to predict the 
hydrate-formation conditions of natural 
gases and comparison with experimental 
conditions will evaluate their accuracy 
and utility. Table 3 gives the comparison 
of computed and experimental pressures 
for to natural gases from the literature. 


TABLE 3.—Comparison of Calculated with 
Experimental Conditions for Hydrate 


Formation 
Pressure at Which 
T Hydrate Formed, 
Ria, Lb. per Sq. In. 
Gas| Investiga- | Ref- t Abs. 
tor erence Deg. 
Calcu- | Experi- 
lated mental 
1-B | Wilcox 8 40 I56 156 
; 50 309 296 
60 677 600 
67 2273 I,090 
75 3,620] 3,000 
2-C | Wilcox 8 40 242 231 
50 482 448 
60 1,017 935 
70 2,410) 2,430 
; 74 |over 4,000] 4,000 
3-D} Wilcox 8 40 186 193 
50 369 388 
60 796 815 
70 I,915| 2,170 
74 3,380] 3,580 
4-B | Deaton and 5 40 105 117 
Frost 50 223 240 
5-C | Deaton and 5 40 150 140 
Frost 50 300 280 
6-D| Deaton and 5 40 168 166 
Frost 50 343 325 
7-E | Deaton and 5 35 126 125 
Frost 45 242 248 
55 507 505 
8-F | Deaton and 5 40 180 182 
Frost 50 367 365 
9-G} Deaton and 3 40 181 210 
Frost 50 365 415 
(Hammer- 
schmidt) 
to-I| Deaton and 5 40 250 295 
Frost 50 495 590 
60 I,053| 1,180 
lL ee ee eee 


Table 4 gives a typical calculation of the 
pressure at which hydrate forms when the 
given gas is in equilibrium with liquid 
water at 50°F. 

The discrepancy between computed and 
experimental pressures in Table 3 may 
be caused by incorrect equilibrium con- 
stants or by inaccurate analyses of the 
gas. The calculation shows a high sensi- 
tivity to the propane and butane concen- 
tration. The presence of plus and minus 
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errors indicates that the constants are a 
fair representation of the data available. 


TaBLE 4.—Calculation of Pressure for 
Hydrate Formation at 50°F. 
a a a K cp K at 
om- rac- | 300 Lb. 350 Lb. 
ponent tion per 9/K per w/K 
in Gas| Sq. In. Sq. In. 
Methane. .| 0.784] 2.04 0.384 I.90 |0.412 
Ethane....| 0.060] 0.79 0.076 0.63 |0.0053 
Propane.,.| 0.036] 0.113 |0.318 0.09 |0.400 
t-butane...| 0.005] 0.0725 |0.069 0.06 |0.0834 
n-butane. .| 0.0190 0.79 0.024 | 0.63 |0.0302 
Nitrogen. .| 0.094) infinity |o.000 | infinity |o.0000 
Carbon di- 
oxide...] 0.002] 1.41% |o.00r4} 1.26 |0.0016 
I.000 0.8724 1.0225 


Interpolating linearly, y/K = 1.0 at 343 lb. per 


sq. in. absolute. 

The experimentally observed hydrate- foeniation 
pressure at 50°F. was 325 lb. per sq. in. abs. 

* Taken as average of methane and ethane. 
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E. C. Hammerscumipt,* Fritch, Texas.— 
The authors point out that the use of the 
equilibria constant charts to predict the 


* Texoma Natural Gas Co. 
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hydrate-formation conditions of natural gas in 
comparison with experimental conditions will 
evaluate their accuracy and utility. Additional 
data on four different gases are presented 
in Table 5 as a supplement to Table 3. The data 


TABLE 5.—Data on Four Different Gases 


q 


R-DULEHE con batten, ee welaee 
Pentane pluSisaatcnawaees 
Nitrogeniadeeso ap eerer te 
British thermal units...... 
Experimental hydrate-for- 
mation pressure at 40 aR 
Ibstper sds tives eae 
Calcdiated. hydrate-forma- 
tion pressure at 40°F., lb. 
Per SAFIN aes pe hoe 
Experimental hydrate-for- 
mation are at 50°F., 
lb. per sq ; 
Caicdated hydictc., forma- 
tion pressure at 50°F., lb. 
per Sd; ints. as. eee 


on gas H were taken from reference 5. The 
hydrate-formation experimental data of gas M 
were obtained from gasoline-plant vent vapors 
on Jan. 9, 1939, whereas the sample for the 
analysis of the vent vapors was not taken until 
May 31, 1939. For this reason, the data on 
gas M might be somewhat questionable, 
although the operating conditions of the 
gasoline plant were the same on both dates. 


NATURAL GAS HYDRATES 


Gas L is a gasoline-plant absorber-inlet gas, 
sampled on Oct. 25, 1938, and gas K is a 
gasoline-plant absorber-inlet gas sampled on 
Dec. 5, 1939. 

’ Excluding gas M, the average deviation of 
the calculated hydrate-formation pressure from 
the experimental data is 7.2 per cent. This 
average includes the 30 points in Table 3 
together with the six additional points of 
Table 5. Of the 36 points, the maximum devia- 
tion is 20.7 per cent and the minimum deviation 
is zero. Comparing the hydrate-formation 
pressures of the richest gas in reference 5 
(gas C, Kettleman Hills, Calif.) with the 
leanest gas (gas I, Cayuga, Tex.), the deviation 
of gas C from gas I is approximately 50 per 
cent. The deviation between pure methane 
and pure ethane is even greater, so that an 
attempt to use hydrate-formation-pressure 
curves of some particular gas for a gas whose 
hydrate-formation pressure is unknown could 
lead to much greater errors than the average 
percentage deviation that is shown by the 
calculated hydrate-formation pressures. It 
appears therefore that the authors have pro- 
vided a practical and relatively simple method 
of estimating the hydrate-forming pressures. 
However, the large deviation between the 
experimental and calculated data of gas M 
indicates that calculated hydrate-formation 
pressures should be used cautiously in con- 
nection with a rich gas of this type until more 
data become available. 


Density of Crude Oils Saturated with Natural Gas 


By MarsHatt B. STANDING* AND Donatp L. Katz,} Mremper A.1.M.E. 


(Los Angeles Meeting, October 1941) 


Density data are reported on 15 saturated 
hydrocarbon liquids in the range of 35° to 
250°F. and 1000 to 8220 lb. per sq. in. The ap- 
parent liquid densities of methane and ethane 
are shown to vary with the density of the sys- 
tem in which they are present. A method is 
proposed whereby the densities of liquid hydro- 
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upon the gas-oil ratio, gas analysis, and crude 
gravity is outlined. 


INTRODUCTION 


The densities of naturally occurring 
liquid hydrocarbon mixtures are important 
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Fic. 1.—CoORRECTION FOR COMPRESSIBILITY OF LIQUIDS. , 


carbon mixtures containing both methane and 
‘ethane in solution may be computed at elevated 
temperature and pressures within the accuracy 
of usual engineering computations. A method of 
computing the shrinkage of crude oils based 


Partial abstract of thesis submitted by M. B. 
Standing to the Horace H. Rackham School of Gradu- 
ate Studies, University of Michigan. Manuscript 
received at the office of the Tnatitate July 26, 1941. 
Issued as T.P. 1397 in PETROLEUM TECHNOLOGY, 
November 1941. 

* University of Michigan; present address, Stand- 
ard Oil Company of California, La Habra, California. 

+ Assistant Professor of Chemical Engineering, 
University of Michigan, Ann Arbor, Michigan. 


in many petroleum engineering computa- 
tions. Calculation of the shrinkage of a 
subsurface sample of crude oil as the 
natural gas is evolved is one example of 
the use of liquid-density data. 

Sage, Hicks, and Lacey® have presented 
a method of computing the density of 
hydrocarbon liquid mixtures based on 
partial molal volumes. Katz has indicated 
a method based on the principle of additive 


5 References are at the end of the paper. 
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volumes of the components and using 
apparent densities for methane and ethane. 
The former method does not cover the 
necessary pressure and composition range, 
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natural gas was transferred by mercury 
displacement at constant temperature and 
pressure from the equilibrium cell into 
pycnometers of 25 c.c. capacity. The con- 
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while the latter is inaccurate because of the 
values of the apparent densities used. 

This paper reports the density of 15 
saturated crude oils in equilibrium with 
natural gas at pressures up to 8220 lb. per 
sq. in. The apparent-density method of 
computing liquid densities has been revised 
and applied to the data presented, giving a 
maximum error of 4 per cent and an aver- 
age error of 1.2 per cent of the experimental 
liquid density. 


DATA OBTAINED 


In the process of obtaining equilibrium 
data on mixtures of natural gas and crude 
oils, the densities and analyses of the co- 
existing phases were obtained. The data 
were in the temperature and _ pressure 
range of 35° to 250°F. and 1000 to 8220 lb. 
per sq. in. The gas densities and methods 
of computation were reported in an earlier 
paper.’ 

The liquid phase in equilibrium with the 


tents of the pycnometers were discharged 
into a small topping column from which 
the components lighter than heptane could 


TABLE 1.—Analysis of Typical Liquid 
5330 Lb. per Sq. In. Abs., 120°F. 


Mol Weight 
Component Fraction| Fraction 

Moathane.i..ccwec te eens t teamae 0.5641 | 0.1001 
POtDANG is us Wawardeh x ec aleeree sss 0.0351 | 0.0127 
PYODANOSch. uh aeic ee en eae 0.0137 | 0.0073 
Nornial butane cieiciss os ets 0.0244 | 0.0171 
Isopentane...... 0.0247 | 0.0215 
Normal pentane. . 0.0326 | 0.0284 
Isohexane!s.i0.5s «i's 0.0188 | 0.0195 
Normal hexksie::. «.qcas aceon ee 0.0246 | 0.0256 
Heptane and heavier*........... 0.2620 | 0 


7588 


1.000 


H 


.000 


* Density, grams per c.c., 0.881; molecular weight, 
240. 


be distilled into a low-temperature column 
for fractionation. The residue from the 
topping column and any material boiling 
above the’ hexanes were combined as 
‘“‘heptanes and heavier.” The pycnometers 
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TABLE 2.—Properties of the Saturated Liquids 


Mol Fraction Density, Grams per C.C. 
Run Pressure, Tempera- 
No. Ee et St: Experimental, 
: 3 Crt at Tempera- 
at 60°F. ture and 
Pressure 
ae 0.850 0.702 
pe 0.863 0.606 
ae 0.904 0.745 
0.954 0.814 
Ber 0.870 0.697 
oe 0.836 0.716 
ae 0.844 0.652 
3 0.881 0.712 
ae! 0.862 0.654 
es 0.888 0.657 
52 0.912 0.677 
G-2 0.86 
. 863 0.679 
G-3 0.903 0.766 
D-1r 0.893 0.731 
E-1 0.877 0.753 


2 Estimated from plot of specific gravity vs. mol weight. 


were weighed before and after the liquid 
was discharged and any mercury accom- 


TABLE 3.—Calculation of Density of Rio 
Bravo Trap Liquid 


Rea? eee 
. Tams enti- 
Component at con per C.C.; meters 
60°F., per Gram 
t Atm Sample 
Methane......... 0.01499 
PEERING i sangcicner stereo 0.01448 
IPEOPANes ..c.8 sla’. 0.03395 0.510 0.0665 
P-DULANE.....05 50 06 O.OLI51 0.564 0.0204 
m-butane..... 7... 0.04860 0.584 0.0832 
#-pentane...... 2-| 0.01334 0.625 0.0213 
n-pentane 0.01649 0.631 0.0261 
Hexanes and heav- 
Se Oe eee 0.84664 0.849 0.9972 
0.97053 L.20A7, 
2 . 0.97053 _ 
Density of propane and heavier aes 0.799 
Weight fraction ethane in ethane and heavier = 
0.01448 _ OLO1A) 
0.98501 got 


Fig. 4 for 0.799 density at 1.47 wt. per cent ethane 
gives 0.791 gram per c.c. for ethane and heavier. 

Fig. 4 for 0.791 density at 1.50 wt. per cent methane 
gives 0.776 gram per c.c. as density at 60°F. and one 
atmosphere. Correction of 0.776 gram per c.c. by 
Fig. 1 to density at 1000 lb. gives 0.781 gram per 
c.c. Correction of 0.781 grams per c.c. from 60°F, to 
100°F., Fig. 2, gives 0.765 gram per c.c. 


panying the fluid to the topping column 
was collected and weighed. The density of 
the heptanes and heavier fraction was 


determined with small glass pycnometers 
and the molecular weight was determined 
by the cryoscopic method, using water- 
saturated benzene as a solvent. 


TABLE 4.—Comparison Experimental and 
Calculated Densities, Rio Bravo Trap 


Liquid 
Density, Grams per C.C. 
Pressure, 
Lb. per Sq. Tempera- 
ture, Deg. F. " 
In. Abs. Experi- 
mentale Calculated 
1,000 100 0.770 0.765 
2,000 100 0.778 0.770 
3,000 I00 0.785 0.775 
1,000 190 0.731 0.729 
2,000 190 0.732 19.734 
3,000 190 0.745 0.745 


Analysis of a typical saturated liquid is 
given in Table 1. The absence of isobutane 
is due to the method of blending a butane- 
free natural gas with the Arkansas crude? 
and varying quantities of the natural 
gasoline, both of which were devoid of 
isobutane. Data on the density and proper- 
ties of the 15 saturated liquids are given in 
Table 2. 
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EFFECT OF TEMPERATURE AND PRESSURE 
on Liguip DENSITY 


Any method of computing the density 
of hydrocarbon liquids requires corrections 
to the density for pressure and temperature 
changes. Sage, Lacey and coworkers on 


TABLE 5.—Comparison of Experimental and 
Calculated Densities of Saturated Crude 
Oils 


Density, Grams per C.C. 


Tem- Devia- 
= Line : Rerte tion oe 
oO. a ure, culate 

Sq. In Experi-| Calcu- 
Ab: Deg. F. mental| lated Bebe 
mental, 
Per Cent 
A-4 1,600 120 0.702 | 0.709 | +1.00 
A‘l 3,185 120 0.696 | 0.722 | +4.02 
A-2 5,270 120 0.745 | 0.751 | +0.80 
A-3 8,220 120 0.814 | 0.811 | —0.37 
B-r 2,015 250 0.697 | 0.700 | +0.43 
C-2 I,010 120 0.716 | 0.713 | —0.42 
C-1 2,880 120 0.652 | 0.649 | —0.46 
C-3 5,330 120 0.712 | 0.708 | —0.56 
F-1 3,185 250 0.654 | 0.668 | +2.16 
F-2 4,315 250 0.657 | 0.664 | +1.06 
F-3 5,530 250 0.677 | 0.681 | +0.59 
G-2 3,485 35 | 0.679 | 0.676 | —0.44 
G-3 4,970 35 | 0.766 | 0.756 | —1.30 
D-1 4,330 120 Ovals} Owes —1.64 


E-1 4,195 120 0.753 | 0.736 | —2.26 


PIS EDraIS AVCLALS cn ania) aiahe shatola a sine lasers +0.28 
Numerical average......s.s0eveev ened 1.16 


A.P.I. Project No. 37 have amassed con- 
siderable data on the effect of temperature 
and pressure on the specific volume of a 
great variety of liquids. A survey of these 
and other data on liquid densities indi- 
cated that pressure corrections at 60°F. 
were essentially functions of the liquid 
density and that the thermal expansion of 
liquids was little affected by pressure. 

Fig. 1 was prepared from the mass of 
data in the literature, and gives an addi- 
tive correction to the density for increases 
in pressure. Minor differences occurred 
between the density changes with pressure 
for materials of the same density but were 
not regular enough to permit a more accu- 
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rate relationship covering most hydrocar- 
bon liquids. 


TABLE 6.—Example Calculation of 


Shrinkage Factor Crescent Crude 


Given: 
Gas liberated........... . 814 cu. ft. per bbl. 
residual oil 
Crude gravity (from U.S. 
Bureau of Mines)...... 
Saturation temperature... 
Saturation pressure...... 


Gas ANALYSIS 


Component i fay 
Methane 75-33 
POCU AG gisi cieictnw a ae rtcensa kia eats 10.09 
Propatie sick <n deeaeiincig oedema 6.96 
Dutenee. ciara waka e See ee 5.58 
Pentatiass oie. sarc. osha cn meas 1.56 
Hexanes' plusais. .tisew,.a08 oe cheats 0.48 


Liquid, 
Lb. per| 7; 
Com- Cu Mol. P a Nemereee a t 
ponent Ft. Wt. gunes OE ont Cae 
ped Ft. 
Sate 
Methane. .|612. 16 25.8 
Ethane...| 82.0 30 6.5 
Propane ..| 56.6 44 6.6 31.8 |0.208 
Butanes ..] 45.4 58 6.9 36.1 |O. 191 
Pentanes..| 12.7 79 2.4 39.2 |0.061 
Hexanes*.| 3.9 86 0.8 41.5 |0.019 
Crude oil..| 5.61 286.0 51.0 |5.610 
Total 335. 6.0890 


Propanet} 302. 
Ethane* | 309. 


b~IIO 


Density of propane plus = $08 49.8 ‘Ib. per cu. ft. 
= 0.790 grams per c.c. 
Weight per cent ethane = Bing 2 2.1 
300. 
Weight per cent methane = LE oem 7.7 
335-0 


From Fig. 4 
Density G ethane plus = 0.780 gram per c.c. 
Density of methane plus = 0.712 gram per c.c. 
From Figs. 1 and 2: 
Density of system at 60°F. and 2575 lb. = 0.727 
gram per c.c. 
Density of system at 140°F. and 2575 lb. = 0.686 
gram per c.c. = 42.8 lb. per cu. ft. 
Volume of one barrel of crude and accompanying gas 


at 149°F. and 2575 lb. = 538 = 7.82 cu. ft. 


Volume of dissolved gas = 7.82 — 5.61 = 2.21 cu. ft. 


5.61 


Shrinkage = Ae 39.4 per cent based on residual 
oil. 
Shrinkage reported by Lindsly = 


40.7 per cent. 


For computing the thermal expansion 
under pressure, the atmospheric pressure 
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corrections may be used,‘ or Fig. 2, which 
is based primarily upon Sage and Lacey’s 
data. 
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methane and ethane dissolved in hydro- 
carbon liquids is a function of the system. 
Calculation of the apparent liquid density 


ETHANE - N BUTANE 
ETHANE - HEPTANE 
ETHANE- CRYSTAL OIL 


METHANE-CYCLO HEXANE 
METHANE ~ BENZENE 

ME THANE - PENTANE 

ME THANE- HEXANE 
METHANE- HEPTANE 
METHANE- PROPANE 
METHANE-CRYSTAL OIL 
METHANE-CRUDE OIL 


os >d0d00 Ve 


DENSITY OF SYSTEM 60F & ATMOSPHERIC PRESSURE 
Fic. 3.— VARIATION OF APPARENT DENSITY OF METHANE AND ETHANE WITH DENSITY OF THE SYSTEM. 


APPARENT DENSITIES 
oF METHANE AND ETHANE 
It is known that the rule of additive 
volumes applies very well for pentane and 
hexane, and that the apparent density of 


of methane and ethane after correcting 
the density of the mixture to 60°F. and one 
atmosphere pressure gave the relationship 
shown in Fig. 3. Since the systems did not 
contain both methane and ethane, the use 
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of the liquid densities of the other constit- assumes that the presence of the ethane in 
uents at 60°F. and one atmosphere left systems containing methane does not 
the density of either methane or ethane change the methane curve of Fig. 3. 
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DENSITY OF ETHANE PLUS -GM./CC. 
Fic. 4.— DENSITIES OF SYSTEMS CONTAINING METHANE AND ETHANE. 


as the only unknown. Fig. 4 is a plot of CALCULATION OF Liqguip DENSITY 

the densities of systems containing methane The method of computing a liquid den- 
and ethane as a function of the density of sity is illustrated in Table 3, using the Rio 
the remainder of the system and concen- Bravo trap liquid analysis.* The weights of 
tration of the volatile hydrocarbon. This components heavier than ethane are con- 
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verted to volumes by dividing by the 
specific gravity or density of the component 
at 60°F. and one atmosphere. The volume 
and weight of this propane plus fraction 
gives its density at 60°F. and one atmos- 
sphere. Fig. 4 gives in turn the density 
including the ethane and then the methane. 
The resulting density at 60°F. and one 
atmosphere is a fictitious value, since the 
liquid cannot exist at these conditions. 
The correction for pressure must be made 
at 60°F. by Fig. 1 before correcting for 
thermal expansion by Fig. 2. 

Table 4 shows the computed and experi- 
mental densities of the Rio Bravo trap 
liquid.® Table 5 gives similar information 
on the gas-saturated crude oils of Table 2. 
It should be noted that these liquids con- 
tained from 22 to 60 mol per cent methane. 
The maximum deviation between the 
calculated and experimental densities is 
4.0 per cent, with a numerical average 
deviation of 1.16 per cent. Since none of 
these data were used in the apparent 
density correlation for methane and ethane, 
this agreement should be typical for crude 
oils. 


APPLICATION TO SHRINKAGE CALCULATION 


Among the calculations requiring a 
knowledge of the density of the liquid 
phase, or reservoir fluid if no gas cap is 
present, are those involving the estimation 
of reserves. The usual method of relat- 
ing the volume of the crude oil as measured 
at the stock tank to the volume that it 
occupied with its dissolved gas at the 
reservoir conditions is by means of a 
_ shrinkage factor. This factor may be meas- 
ured on a subsurface sample but may be 
computed from the analysis of the gas 
evolved from the reservoir liquid as it 
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passed from the reservoir to the stock tank. 
Table 6 presents an example calculation 
of the shrinkage factor for the Crescent 
pool crude, using the data presented by 
Lindsly.* 


REFERENCES 


. D.L. Katz: Trans. A.I.M.E. (1938) 127, 150. 

. D.L. Katz and C. C. Singleterry: Trans. A.I.M.E. 
(1939) 132, 103. 

. B. E. Lindsly: Petr. Eng. (1936) 7, series. 

. National Standard Petroleum Tables. Nat. Bur. 

Stds. Circ. C-aro. 

. B. H. Sage, B. L. Hicks and W. N. Lacey: Amer. 
Petr. Inst. Drill. and Prod. Practice (1938) 402. 

B. H. Sage and H. H. Reamer: Trans. RLM.E, 

(1941) 142, 179. 
M.B. Standing and D. L. Katz: p. 140, this volume. 


NH 


DISCUSSION 
(Carlton Beal presiding) 


M. G. Artuur,* Santa Fe Springs, Calif.— 
The accurate prediction of the volumetric 
behavior of naturally occurring hydrocarbon 
mixtures has been restricted by a lack of an 
abundance of published data on the properties 
of such systems at high temperatures and 
pressures. Although the densities of the gas and 
liquid phases were predictable to a fair degree 
of accuracy at states well below the critical 
temperatures and pressures, the methods and 
data did not permit an accurate prediction 
of densities at conditions near the criticals. 
Since many of the recently discovered petro- 
leum reservoirs, and probably many of those 
to be discovered in the future, will exist at 
these high temperatures and pressures, any 
data correlating the volumetric behavior at 
such conditions are a valuable addition to the 
literature. 

The methods reported by Messrs. Standing 
and Katz give results that check well with 
experimentally determined values and the 
methods are especially valuable if the results 
are as accurate for crude oils of different sources 
having different compositions of the hydro- 
carbons of greater molecular weight than the 
hexanes. 


* Union Oil Company of California. 


Unsteady Flow of Gas through Porous Media 


By Cartes R. Hetuertncton,* D. T. MacRosertsf AnD R. L. Huntineton,}t 
MemMsBer A.I.M.E. 


(Dallas Meeting, October 1941) 


SincE the equation of continuity governing 
transient flow of gases through porous media 
cannot be integrated mathematically into a 
simple usable expression free from series terms, 
empirical and approximate equations have 
been advanced relating cumulative production 
and future production rates from gas reservoirs 
with time. In order to check the accuracy of 
these empirical equations and to obtain an 
insight into the initial conditions pertinent to 
the solution of the fundamental equation of 
continuity, experimental work has been con- 
ducted on a vertical 2-in. tube, 91.6 ft. high, 
packed with unconsolidated Wilcox sand. The 
results presented in graphical form show the 
accuracy of the approximate relations. 

Data from unsteady-flow runs on the 2-in. 
experimental tube are presented graphically, 
and are applied to obtain an equation for this 
specific case, and are offered as an aid in future 
investigations of this basic equation. 

The close agreement between equations 
calculated for steady-state flow and the experi- 
ments indicates that the decline of actual gas 
reservoirs may be treated by an application of 
these equations without serious error. 


INTRODUCTION 


The steady-state flow of gas through a 
porous material—that is, flow wherein the 
boundary conditions do not vary with 
time—is subject to analytical solution. 
Muskat! has shown that the general 


This paper is abstracted from a thesis presented by 
C. R. Hetherington in partial fulfillment of the Master 
of Science Degree in Chemical Engineering at the 
University of Oklahoma, June 1941. Manuscript 
received at the office of the Institute Aug. 25, revised 
Oct. 29, 1941. Issued as T.P. 1398 in PETROLEUM 
TECHNOLOGY, otirne: 1942. 

* Present address, Graduate School, Massachusetts 
Institute of Technology, Cambridge, Mass. 

+ United Gas Pipe Line Co., Shreveport, Louisiana. 

t Director, School of Chemical Engineering, Uni- 
versity of Oklahoma, Norman, Okla. 

1 References are at the end of the paper. 


differential equation is simply the La Place 
equation in P?. Direct solutions may be at 
once obtained. 

The unsteady state, on the other hand, is 
not analytically reducible. Since nearly all 
phenomena of practical interest in gas 
production involve flow in the unsteady 
rather than in the steady state, it has been 
necessary to derive approximate solutions 
to the general equation. The validity of 
such approximations has not hitherto been 
adequately tested. 

In the experiments to be described a 
simple, closed, linear system is substituted 
for the real complex gas field. The general 
results, however, are independent of the 
geometry of the system. The problem 
studied is the rate of production, and the 
accompanying variations in pressure, when 
one end of a linear porous system is opened 
to the atmosphere and permitted to produce 
to exhaustion. An approximate solution to 
the general differential equation, based 
upon the assumption of an “‘infinite series 
of steady states,” is then applied to the 
results to determine the validity of this 
method of dealing with actual reservoirs. 


THEORETICAL CONSIDERATIONS 


The fundamental differential equation 
governing the flow of a gas through a 
porous medium can be derived easily from 
the equation of continuity, Darcy’s law, 


aeeu 1 


1 a 


Boyle’s law and a statement of the thermo- 


dynamic nature of the flow. For isothermal 

flow it is: 
tps 
Ox? 


Orr? 
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_ This second-order, nonlinear equation has 
no general solution. If, however, we assume 
that at any instant the flow closely 
approximates the steady state (right-hand 
side of Eq. 1 equal to zero) and further 
assume that the average pressure over the 
flowing system is negligibly different from 
the pressure at the external boundary, 
then, for the case where the pressure at the 
outlet of the system is small (approxi- 
mately atmospheric), we may directly 
_ derive the equation for the cumulative 
_ production from the system: 


ee : aye 
: | a (2N — newt) 


Qo 
[2] 


_ where the symbols have the following 


meanings: 
Q = total quantity (volume) produced to 
time T. 


Qo = initial quantity in reservoir. 
Co = initial rate of flow (per unit of time 


is 
T = time. 
N = experimental exponent of Eq. 3. 
Q = 2 2\N 
pa ahs eS [3] 
where: 
P, = pressure at the external boundary of 
the system. 


Py; = pressure at outlet of system. 

@ = experimental constant. 
Equation 3 is, of course, the ‘‘character- 
of the ‘‘back-pressure”’ 
method of testing gas wells and can also be 
- derived directly from the foregoing assump- 
_ tions. The geometry of the system and the 
~ characteristics of the medium are absorbed 
in the constant a. 
For the case where the outlet pressure is 
not small, the integrations become much 
more complex. If the outlet pressure is held 
constant and the flow is viscous and iso- 
thermal, the cumulative production is: 
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where Q; is the volume contained in the 
reservoir at the outlet pressure P;. Condi- 
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tions during these experiments did not 

conform to the assumptions outlined for 

Eq. 4 to hold. 


APPARATUS 


The apparatus used is shown in Fig. 1. 
The reservoir consists of a vertical 2-in. 
pipe packed with Wilcox sand. A thin 
coating of sand was shellacked to the wall 
to prevent channeling. The ends and pres- 
sure taps were packed with glass wool to 
prevent loss of sand. The entire tube was 
93.6 ft. long with pressure taps at 18.4-ft. 
intervals. Pressure taps were brought to 
ground level by 14-in. connections, which 
were filled with heptane. 
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Gas was brought in through the top of 
the tube after passing through a silica gel 
drier. Valves 1 and 2 were used to fill the 
tube; valve 3 was the controlling valve 
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Fic. 2.—STEADY-STATE NATURAL-GAS RUNS. 

Absolute pressure squared versus length by 


stations. No. 1 is bottom station. Re = 
Revnolds Number. 
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for the unsteady runs. The outlet stream 
was measured by a positive meter. Thermo- 
couples were placed at the top, bottom and 
middle of the tube. 

The porosity of the sand used in these 
experiments was 33 per cent, the permea- 
bility 7.2 darcys, measured in situ. The 
Reynolds number was calculated by the 
method suggested by Fancher and Lewis.? 
It was found that turbulence set in at a 
Reynolds number of 1.00 to 2.00. 

In order to determine whether the 
permeability was constant along the length 
of the tube, steady-state runs were made. 
The results are given in Fig. 2, which shows 
that the permeability was approximately 
constant throughout. The change in 
dynamical nature of the flow is also 
indicated. 


UNSTEADY FLOW OF GAS THROUGH POROUS MEDIA 


EXPERIMENTAL PROCEDURE 


The actual experimental procedure was 
as follows: The initial pressure readings due 


OIF FERENCE 


ete. 
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C, CU. FT./ MIN. AT AVE. PRESSURE 
FIG. 3.—PRESSURE DIFFERENCE VERSUS RATE 
MEASURED AT AVERAGE PRESSURE. STEADY- 
STATE RUN ON NATURAL GAS. 


to the head of heptane were recorded. The 
tube was then filled with dry gas. When less 
than 0.5 per cent oxygen appeared in the 
outlet stream, the bottom valve was closed 
and the tube was filled to the predetermined 
pressure; the inlet valve was then closed. 
To start the runs, valve No. 3 was opened, 
and the instant flow registered on the 
meter the stop watch was started. Pressure 
readings were taken at all stations simul- 
taneously—at first every minute; at longer 
intervals as the flow decreased. 

Over the range of pressures covered by 
these experiments the deviation of gas 
from Boyle’s law somewhat affected the 
results. To check this the tube was allowed 
to produce for certain periods and the 
outlet valve was then closed, allowing the 
pressure to equalize. The volume remaining 
in the tube, as determined by deducting 


ae 


a ne el 


, 


CHARLES R, HETHERINGTON, D. T. MacROBERTS AND R. L. HUNTINGTON 169 


the metered volume from the initial con- 
tents, was compared with the average 
shut-in pressure. As observed, the calcu- 
lated accumulative production differed 
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Fic. 4.—PRESSURE CHANGE WITH TUBE 
LENGTH. UNSTEADY RUN ON NATURAL GAS. 
No. I IS BOTTOM STATION. 
from the experimental data more on the 
CO, runs than on the Hz runs. This is due 
at least in part to the greater supercom- 
pressibility of CO, at this temperature and 
pressure. 

The natural gas used was about 97 per 
cent methane, with no constituents higher 
than propane in appreciable quantity. The 
hydrogen and carbon dioxide were com- 
mercial grade. 


DISCUSSION OF RESULTS 


Results of the experiments are given in 
Figs. 4 to 18, where the pressure, rate of 
production and cumulative production are 
given in relation to the length of the tube 
and to time. Although appearance is no 
criterion, the results do not seem markedly 


different from those derived from the 
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steady-state approximations. 
The general results of this experimental 


work in their relation to any immediate 
practical application are found in their 
degree of agreement with Eqs. 2 and 3. 
Eq. 3 is widely used to determine the open 
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flows and productive capacities of natural- 
gas wells. The assumptions concerning the 
steady state described above are implicitly 
involved in this equation. These experi- 
ments, where the flow was most decidedly 
not in the steady state, check this equation 
well within the limits of accuracy observed 
in field applications of the same equation. 
The agreement with Eq. 2 is not \as close; 
owing in great part to the difficulty in 
determining the correct value of Co. 
Extrapolation of observed rates of flow to 
zero time may considerably affect the 
resultant numerical values found from 
Eq. 2. Even so, the degree of agreement 
shown appears to be sufficiently close to 
permit application of the equation in 
actual field studies. 

Although no closed reservoir can flow 
in the steady state, it may follow what 
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a] | 
C, CUBIC FEET / MINUTE 

Fic. 10 —LOG OF DIFFERENCE OF SQUARES OF 
SHUT-IN PRESSURE AND FLOWING PRESSURE 
VERSUS LOG OF RATE OF PRODUCTION, A, RUN 
40; B, RUN 41. 
Both runs represent unsteady flow of hydrogen. 
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Fic. 11.—CUMULATIVE PRODUCTION VERSUS 
TIME, RUN 32. UNSTEADY FLOW OF NATURAL 


GAS. 
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Fic. 14.—CUMULATIVE PRODUCTION VERSUS 
TIME, RUN 33. UNSTEADY FLOW OF NATURAL 
GAS. 
Solid line, Q experimental; dashed line, Q 
calculated by Eq. 2. 
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SHUT-IN PRESSURE AND FLOWING PRESSURE 
VERSUS LOG OF RATE OF PRODUCTION, RUN 36, 
A; RUN 38, B. UNSTEADY FLOW OF CARBON 
DIOXIDE. 
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Fic. 16.—CUMULATIVE PRODUCTION VERSUS 
TIME, A, RUN 36; B, RUN 38. UNSTEADY FLOW 
OF CARBON DIOXIDE. 
Solid line, Q experimental; dashed line, Q 
calculated by Eq. 2. 
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Fic. 17—CUMULATIVE PRODUCTION VERSUS 
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Solid line, Q experimental; dashed line, Q 
calculated by Eq. 2. 
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may be termed a “steady-state decline”’; 
ie., where the change in potential with 
time is independent of the position in the 
system. Thus there would be an initial 
period of transient conditions, commonly 
referred to in field parlance as the “‘reces- 
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period in actual gas fields than has been 
suspected. 


CONCLUSIONS 


The experiments described herein tend 
to verify the accuracy of the “back- 
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Fic. 18.—PRESSURE GRADIENT VERSUS TIME FOR THE SEVERAL STATIONS. 


sion of the radius of drainage,” followed 
by a longer period of steady decline. In 
these experiments it was found that aftera 
certain length of time, about 3 or 4 min., 
the pressure decline (dp/dt) was inde- 
pendent of the position in the system. The 
initial few minutes, then, represent the 
initial transient. It was found that Eq. 2 
gave much closer approximations jf applied 
to the period after this initial transient had 
passed. It would seem, and the conclusion 
had been previously drawn from field 
experience, that the principal difficulty in 
applying the theory of a succession of 
steady states lies in the initial transient 
period, which may be of much longer 
duration than is commonly supposed. The 
fact that in a linear system of these dimen- 
sions the initial transient lasted for 3 min. 
is possibly indicative of a much longer 


pressure”’ method of testing gas wells, 
provided that the period of transient 
conditions for the reservoir is not of too 
long a duration. The assumption of succes- 
sive steady states is further seen to hold 
with fair validity in calculating future. 
production and rates of decline. Since the 
experiments are designed to test the general 
validity of the assumptions, variations in 
boundary conditions—i.e., manipulations 
of rates of production—should in no way 
affect the conclusions drawn. Their effect 
will be to add complications to the mathe- 
matical statements. 

Since the general theory of reservoir 
drainage has already found full application 
in practice in well testing, calculations 
of well spacing and evaluation of reserves, 
a verification of the fundamental assump- 
tions is valuable at this stage. It would 
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appear that further investigation of the 
period of initial transients is desirable. 
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Dimensional-model Studies of Oil-field Behavior 


By M. C. Levererr,* Juntiorn MEMBER A.I.M.E., W. B. Lewist anp M. E. Trur* 


(Dallas Meeting, October 1941) 


TuIs paper states the theory underlying the 
design of two kinds of dimensionally scaled 
models of parts of idealized oil fields. One of 
these simulates an oil well and its surrounding 
sand for a distance of 16 ft. radially from the 
well. The other model simulates linear flow 
through layered sands. Construction and oper- 
ation of the models are described and typical 


_ data are given. The unique features in the 


design of the models are: (1) the treatment of 
the permeability-viscosity quotient as a single 
variable and (2) the use of previously reported 
experimentally developed relations between 
relative permeability and saturation and 
capillary pressure, saturation, porosity, perme- 


~ ability and interfacial tension. The models at 


war 


a 


present simulate flow of oil and water only, 
through unconsolidated sands. They are 
superior to unscaled models, which may give 
rise to erroneous conclusions. The models are 
designed to study the desirability of various 
methods of well completion and the effects of 
various factors on recovery of oil from layered 
sands. 


INTRODUCTION 


Recent work on the fundamental behav- 
ior of flowing mixtures of fluids in sands has 
resulted in the development of some new 
theory in this field, much of which has been 
presented in previous papers.!~* However, 
the application of this theory to the behav- 
ior of oil wells or oil fields has proved too 
complicated for ordinary mathematical 
techniques, except in very highly simplified 
cases. A practical solution to this problem 
appears, therefore, to lie in the use of 
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TECHNOLOGY, January 1942. 

* Humble Oil and Refining Co., Houston, Texas. 

+ The Elflex Company, Houston, Texas. 
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dimensionally scaled models of elements of 
oil fields. 

The object of this paper is, first, to 
present the theoretical and experimental 
basis of the design of such models, and, 
second, to describe their construction and 
operation. Experiments now under way 
on the models already built will yield mate- 
rial for other reports, which will be devoted 
to interpretation of the results in terms of 
oil-field behavior. 

So far, simple dimensional models of two 
kinds have been built and are being 
operated. These models represent different 
parts of an idealized oil field but obey the 
same underlying theory. The only fluids 
represented are oil and water, since certain 
questionable approximations are necessary 
for gas-liquid systems. 


GENERAL THEORY 


Dimensional models have been used in 
other fields for a long time, and their 
theory is adequately given in the literature.® 
Here, it suffices to state that each physical 
element entering into a dynamic relation 
may be given a definite description in 
terms of three fundamental, but arbitrarily 
chosen, dimensions. These usually are 
mass, length, and time, symbolized here 
by the small letters m, J, and t. 

Two systems are said to be dimensionally 
similar or dimensionally scaled if for each 
element in one system there is a correspond- 
ing element in the second system and the 
ratios of the numerical magnitudes of 
corresponding elements are constant for all 
elements of the same dimensional type. 
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For example, if in a model there is a scaled 
element whose numerical value is G’, having 
dimensions (/)#(m)*(t)*, the numerical value 
G of the corresponding element of the proto- 
type may be found from the expression 


9°) Gr) GY 


where the ratio L/L’ represents the ratio 
of corresponding elements of length, T/T’ 
of time, and M/M’ of mass. Primes are used 
to denote properties of the model; absence 
of primes, those of the prototype. The four 
ratios appearing in Eq. 1 are termed 
“‘scale ratios,’ and these ratios are the 
ones that must be constant for correspond- 
ing elements of model and prototype. 
Dimensionless properties, such as fractional 
porosity or functions of angles, are numeri- 
cally the same in model and prototype. 


SELECTION OF VARIABLES TO BE SCALED 


The first step in the design of a model is 
to delimit the system—that is, to select the 
variables pertinent to the process under 
study—since these and only these need be 
scaled. In some cases physical intuition 
must be relied upon for the selection of 
these variables but for our tests their selec- 
tion is easy, since we can write the funda- 
mental differential equation for the mixture 
flow process, and we can state mathemati- 
cally the boundary conditions on it for any 
particular problem. Obviously, all the 
pertinent variables must appear in these 
expressions, and all the variables that ap- 
pear are pertinent, so that it is necessary 
only to enumerate these quantities to 
determine what properties of the proto- 
type need be scaled in the model. 

The fundamental differential equation 
can be derived in two steps. First, the equa- 
tion of continuity is derived, and is readily 
shown to be 


0 0 
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Second, recourse is had to a previously 
derived‘ expression for f, which is 


Ka jee 
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i+ — gAp cos | 


= [3] 


The meanings of the symbols are given in 
Table 1. This expression is differentiated 
with respect to each of the three principal 


TABLE 1.—Nomenclature and Dimensions 


of Variables 


7 
- é siona! 
are Meaning De 
scrip- 
tion 
Bo* | Effective eS conductivity to oil;| 1%/m 
. = 
Bu* | Effective ‘fiuid conductivity to water; | 13t/m 
io = w, 
f* Fraction of flowing stream compris- | None 
ing water 
g* Gravitational constant 1/t? 
j(S)* | Capillary pressure function None 
Ko | Effective permeability to oil 2 
Kw | Effective permeability to water 2 
ko(S)* Relative De Deron hitny to oil; None 
ko(S) = 
kw(S)* | Relative te ere to water; None 
w = . 
K — permeability of sand 12 
Pc¥ illary pressure; Pe = pressure in| m/It? 
ae pressure in water 
AP* Peecentss differential m/1t? 
Q:* | Total production rate (example: bbl.| /3/t 


per day) 
qi* | Linear hone rate (example: bbl. per} I/t 
sq. ft. of cross section per day) 


o* Fractional water saturation None 
u* Distance in any direction, u 1 
x,y, 3*| Usual rectangular space coordinates; LT 
used to state size and shape of 
system 
a* | Angle of inclination of direction «| None 
with horizontal 
x Interfacial tension between liquids m/t? 
o* Time t 
Ho Viscosity of oil phase m/It 
bw Viscosity of water phase m/It 
Ap* | Difference in densities of oil and| m/l? 
water 
¢* | Fractional porosity None 


* Pertinent properties of system. Must be scaled. 


directions x, y and z, and the derivatives 
are substituted in Eq. 2. The result is the 
fundamental differential equation sought. 
Since only the quantities in Eqs. 2 and 3, 
or their space derivatives, appear in this 
equation, it is unnecessary explicitly to 
present it here. 

The boundary conditions on this equa- 


tion consist of the linear measurements of 
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the sand body to be studied, including 
the parts of the well equipment that 
actually touch the face of the sand, and the 
initial distribution of pressure gradients 
and liquid saturation in it. 

Eqs. 2 and 3 show that the effective 
permeabilities and liquid viscosities always 
appear as the quotients K,/u, and K,,/py. 
These quotients, therefore, may be re- 
garded as single variables, called B, and 
By, respectively, the ‘effective fluid con- 
ductivities.” These new variables, rather 
than the effective permeabilities or viscosi- 
ties alone, are the ones pertinent to the 
process and therefore are the ones to be 


scaled. 


It is to be remarked that although Eqs. 2 
and 3 do not contain explicitly the pressure 
gradient, this is because it has been made 
to cancel out of Eq. 3. Because of this the 
scaling procedure adopted here implicitly 
scales the pressure gradient. However, the 
total pressure is not a pertinent variable 
except insofar as it may affect viscosity, 
interfacial tension, density, or other prop- 
erties in the prototype. The fact that these 
properties are themselves scaled in the 
model permits the carrying out of the 
experiments at any convenient total pres- 
sure without in any way invalidating the 
results. 


ARBITRARY FIXING OF MODEL PROPERTIES 


In designing the model certain of its 
properties may be fixed arbitrarily. How- 
ever, the rules of dimensional analysis 
state that only as many dimensionally 
independent properties as there are funda- 
mental dimensions may be fixed—in this 
case, three. Once three such properties 
have been fixed the values of the funda- 
mental scale ratios L/L’, M/M’, and T/T’ 
and those of all other scaled properties 
of the model also are fixed. 

In the present case, the equations show 


that g, the gravitational constant, is 


one of the pertinent variables. But g 
cannot be altered conveniently, hence 
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must be regarded as having been arbi- 
trarily fixed, leaving only two other 
properties of the model that may be 
established independently. 

Further, the fact that the model is to 
be smaller than the prototype by a definite 
ratio fixes the linear measurements of the 
model and hence the fundamental scale 
ratio L/L’. This also fixes the value of the 
ratio T/T’, because g/g’ is unity, and with 
both length and time scales thus specified 
the ratio q:/q.’ also is fixed. 

Four pertinent variables remain as yet 
unspecified. These are B,, By, P., and 
Ap, of which only one may be fixed at will. 
But on examining the suitable pairs of 
liquids available for use in the models we 
find that their density differences are very 
nearly those of the liquids in the prototype 
we wish to scale, so that the scale ratio 
Ap/Ap’ is very nearly equal to unity. Estab- 
lishing this ratio fixes also the ratio M/M’, 
and thus indirectly determines the ratios 
Bol Be Baj Be. 800 We / P27! his means 
that the sands and liquids used in the 
model must be so chosen that these ratios 
have their proper values. This choice is 
made easier by two correlations, which 
have been developed experimentally. These 
relationships will be discussed in some 
detail in the succeeding paragraphs. 


UsE oF EXPERIMENTAL CORRELATIONS IN 
ScALING B,, By,-AND P- 


Previously reported studies on simul- 
taneous flow of mixtures of fluids through 
sands}? show that K, and K,, the effective 
permeabilities to oil and to water, are 
proportional to the specific permeability 
of the sand, but for a given sand vary with 
the water saturation. Recalling the defini- 
tions of B, and By, we may therefore write 
as good approximations 


_ Kk.(S) 


By [4a] 
fe 

B, = K ku(S) [40] 
fe 
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where &(S) and ky(S) are the relative 
permeabilities to oil and to water, dimen- 
sionless functions principally of water 
saturation. For most clean unconsolidated 
sands the relative permeabilities are sub- 
stantially independent of the properties 
of the sands or fluids. Consolidated sands, 
however, do not obey this rule, different 
sands giving rise to different relative 
permeability functions. 

Eqs. 4 may be regarded as statements of 
the relative permeability-saturation rela- 
tion. This relationship is one of the two 
experimental correlations that will be used. 

The second correlation states that the 
capillary pressure P, is proportional to the 
interfacial tension ¥, to the radical »/¢/K, 


and to a dimensionless function of the 


water saturation 7(S): 


P. = ¥9(S) V 6/K [s] 


This relationship was reported‘ to hold for 
static equilibrium, and recent experiments, 
on a wider variety of solids, have confirmed 
this conclusion. In both sets of experiments 
it was found, however, that the function 
j(S) is not single-valued, but depends in 
part on the history of the system. Appar- 
ently also it depends to some extent on 
whether the fluids are flowing or static, 
but the available data support the conclu- 
sion that Eq. 5 is valid for a given history 
and state of motion of the system. 

Fig. 1 shows the data that suggest that 


_ Eq. 5 is valid under static conditions for a 


variety of solids inert to the fluids used. | 


These data were obtained by letting the 
liquids drain to capillary-gravitational 
equilibrium in vertical columns. The valid- 


ity of Eq. 5 has been investigated under 


dynamic conditions also. In this investiga- 
tion measurements were made of the rates 
at which various liquids are imbibed 
horizontally by various grades of sand. 
The rate of imbibition at a given saturation 
should theoretically be proportional to the 
capillary pressure P, and to a complex 
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function of the effective fluid conductivities. 
However, where the viscosity of the non- 
wetting phase is small, as with air, this 
function reduces to the effective fluid 
conductivity for the imbibing liquid. 
Eqs. 4 and 5 show that the rate of liquid 
imbibition into a sand partially filled with 
air should be proportional to the group 


P.XB= G V/ Ke) X (function of satura- 
mM 


tion). Fig. 2 shows the data from these ex- 
periments. The liquids used were kerosene, 
carbon tetrachloride, water, and a mixture 
of kerosene and lubricating oil, while the 
sands ranged from one of which 50 per cent 
passed a 325-mesh screen to a 20 to 30- 
mesh size. The sands were saturated 
initially to about 11 per cent with the 
liquid to be used. As predicted by theory, 
the data all fall along a straight line through 
the origin. A 10 to 20-mesh sand proved too 
coarse to follow this rule, but the 20 to 
3o-mesh sands used in the present model 
studies obeyed it satisfactorily. 

It should be emphasized that these 
correlations are valid only for clean sands; 
the presence of hydratable material in the 
sands has a large effect on the several 
dimensionless functions of saturation men- 
tioned above. 

In order to use Eqs. 4a, 4b and 5, it is 
necessary to recall that model and proto- 
type go through the same saturation his- 
tory, and that the various dimensionless 
functions of saturation therefore are 
numerically the same at the same relative 
time. From this it follows that 


B.’ as Kk’ Po [6] 
ape [71 
P. ie 

pi yale [3] 


Thus, if a given value of B,/B,’ is required, 
it may be obtained by selecting at will a 
sand of convenient permeability and an oil 
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having the viscosity required by Eq. 6. 
Or a pair of liquids having a particular 
interfacial tension and a sand having the 
permeability required by Eq. 8 may be 


600 


500 
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ships stated explicitly. Usually the value 
of the fundamental ratio L/L’ and the 
values of the ordinary properties of the 
sands and liquids are known. The scale 


5 
fe) 


V(Darcys) ( Fractions ) 


300 


dynes /cm 
centipoises 


used. Although the values of B,’, B,’ and 
P.’ are fixed by the scale ratios chosen, 
these values may be obtained by a large 
number of combinations of sand and fluids. 
This additional flexibility is important, 
because without it a useful model could 
not be designed. 

It is interesting to observe that, because 
the foregoing reasoning may be inverted, 
a given model corresponds to a very large 
number of prototypes. However, a partic- 
ular model does not correspond to all 
prototypes. 


COMPUTATION OF SCALE RATIOS 


The foregoing equations and the infor- 
mation in Table 1 make possible the com- 
putation of any desired scale ratio, but it 
is convenient to have the proper relation- 


2 4 6 8 
Average Rate of Imbibition, cc Per Min. Per Cm? 
Fic. 2.—CORRELATION OF IMBIBITION RATES IN SANDS. 


10 


ratios, therefore, should be expressed in 
terms of these quantities. 

The fundamental ratio T/T” is given in 
terms of L/L’ by the equation: 


eee SAPS 
‘ Seidoan i 


This equation is a consequence of the fact 
that g/g’ is unity. The fundamental ratio 
M/M’ is given by the equation: 


M _ (Ae (L\3 
M’ iy’) (7) 


This equation follows from the dimensional 
description of density. 

Other scale ratios are tabulated in Table 
2. These latter expressions are derived from 
the data of Table 1 and Eqs. 9 and 10 by 


[9] 


[10] 
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simple algebraic manipulation. They are 
the expressions actually used to design a 
model of a given prototype or to determine 
the properties of the prototypes to which a 
given model corresponds. 


CHOICE OF MATERIALS FOR MODELS 


Table 2 shows that the liquids to be used 
in the model must be much more viscous 


TABLE 2.—Expressions for Computing Scale 


Ratios 
Typ- 
Value in Terms of Length- | ical 
Rati scale Ratio and Ordinary Value 
atio Properties of Sand and for 16- 
Liquids scale 
Model 
Bo/ Bo! or Ao’ ZL 4 
Bal Be (GE) (GY 4 
g/g’ I I 
K’ ad 
as (3) Ss L’ 
2 /Ap’\?2 (/L'\2 
- GY @Y G@)} 
Pe/Po or Ap ig 
rap’) (3) (Z) es 
5 
Q:/Q/ (4) e 1024 
L\% 
gi/aqe" (4)’ 4 
u/ul = x/x! 
= y/y! = 2/2! (4) 16 


“1G @ 
-()"G"G)") > 
w lay 
(#) (3) @)” 
= (2) ) ("| 
(a) | 
Other quantities are dimensionless and have same 


- values in prototype as in model. These are: f, j(S), 
Ro(S), kw(S), S, a, d > ay 
@ This column shows typical values of the ratios in 
column 1, assuming that the length scale ratio is 16:1, 
that the interfacial tension in the model is half that 
in the prototype, and that the density difference 
between the fluids is the same in model and prototype. 


Ho/ po! OF pw/ pw! 


Ap/Ap’ 


than those in the prototype in order to 
satisfy the dimensional analysis, so that 
ordinary crude oils and brines are not 
suitable. However, the aqueous phase used 
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in the model must have the same wetting 
affinity for the sand as the brines found in 
nature, and the liquid used to represent oil 
must not preferentially wet the sand. Fur- 
ther, Table 2 shows that very permeable 
sands also must be used in the models, 

The pairs of liquids having suitable wet- 
ting characteristics for use in the present 
models are fairly closely limited to hydro- 
carbon oils and water solutions of a few 
organic compounds, such as alcohols and 
sugars. The liquids actually used in these 
studies are a heavy lubricating oil, simu- 
lating the crude oil, and glycerine, simulat- 
ing the water. The sands used are all fine 
enough to pass a 20-mesh Tyler-scale screen 
and are previously washed, dried and ig- 
nited to insure preferential wetting by 
glycerin. 


LIMITATIONS OF MoDEL TECHNIQUE 


The scaling procedure employed has 
several limitations. One fundamental limi- 
tation arises from the fact that while the 
macroscopic linear measurements of the 
system under study are being reduced by 
compression to laboratory size, the linear 
measurements of the microscopic parts of 
the system are simultaneously being in- 
creased by use of coarser sands. Evidently, 
when the microscopic measurements of the 
model approach the macroscopic measure- 
ments the scaling procedure is no longer 
valid. This fact limits both the coarseness of 
the sand that may be used and the small- 
ness of the model that may be studied. 

Actually there is a second more impor- 
tant limitation on the coarseness of the 
sand; that is, the fact that the relative 
permeability-saturation relationship breaks 
down for very coarse sands. This break- 
down is evidenced by residual oil satura- 
tions after water-flooding, which are some- 
times as low as 3 per cent in coarse sands, 
instead of the 9 to 14 per cent normally 
found in fine sands. The work so far com- 
pleted suggests that sands retained on a 
2o-mesh screen are probably near the 
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permissible maximum coarseness; such 
sands usually have permeabilities of 250 to 
3co darcys, depending on their porosity. 
The fact that the coarseness of the sand 
may not exceed a certain maximum size 
limits the extent to which a given system 
may be scaled down. This implies that 
scale models of large natural features such 
as whole oil fields cannot be built, since 
the models themselves would be imprac- 
tically large. Parts of oil fields having linear 
measurements of 50 to roo ft. are easily 
amenable to scaling, however. The maxi- 
mum usable value of the ratio L/L’ is 
probably about 20/1. Theoretically, there 
is also a minimum sand-grain size, but it 
is unlikely that such extremely fine pow- 
ders ever will be considered for use in the 
present models. 

Finally, the scaling technique is limited 
at present to models using unconsolidated 
sands containing no hydratable materials. 
The models may be regarded as represent- 
ing parts of an idealized oil field, which 
might conceivably be approached in nature. 
This is a necessary simplification for the 
present. 


EXPERIMENTAL EQUIPMENT 


One of the two sorts of models that have 
been built represents a well plus the pro- 
ducing sands around it for a distance of 
16 ft. In this region the flow lines converge 
on the well radially. The radial model has 
so far been packed with a homogeneous 
sand only. The other type of model repre- 
sents an element of the formation so far 
removed from the well that flow through it 
can be considered to be substantially linear. 
In this linear model, sands of different 
textures are packed side by side to simulate 
the layered sands found in nature. 

In the radial model the object is to find 
out how much water is produced with the 
oil under various conditions of flow rate, 
well completion, and oil-zone thickness, 
and to determine approximately how the 
liquids are distributed in the sand around 
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the well during flow. In the linear model, 
we are concerned more with oil recovery 
as a function of the numerous variables 
that may influence the amount of oil 
recovered by water displacement. 


CONSTRUCTION OF RapIAL MopEL 


The radial model consists of a steel 
cylinder inside of which is a brass cylinder 
having perforated sides. The latter holds 
the sand, screen preventing loss of sand 
through the perforated sides. The ends of 
the outer cylinder, which is 24 in. long and 
24 in. inside diameter, are closed by circular 
steel plates. One of these plates forms the 
top of the inner cylinder, while a movable 
false bottom, held in place by compaction 
screws, prevents shifting or loss of sand or 
entrance of liquid at the bottom of the 
sand mass. The inner cylinder is slightly 
smaller than the outer one, and the annulus 
between the two serves to distribute both 
liquids uniformly around the circumference 
of the sand. The well itself is represented 
by a length of 3-in. brass tubing longi- 
tudinally slotted over a part of its length 
near the middle. The slots represent screen 
or perforated liner in an oil well. The brass 
tube extends completely through the 
center of the sand mass and can be moved 
vertically so as to place the perforated 
section at any desired elevation in the sand. 
The whole apparatus is supported on trun- 
nions, so that it may be inverted for con- 
venience in filling with sand. The maximum 
working pressure for which the apparatus © 
is designed is too lb. per sq. inch. 

The liquid supply system consists of a 
15-gal. reservoir containing both lubricat- 
ing oil and glycerine, and two Manzel 
positive-displacement chemical feeder 
pumps. One pump transfers oil from the 
upper part of the reservoir to the top of the 
annulus outside the sand, while the other 
takes glycerine from the bottom of the 
reservoir and discharges it into the bottom 
of the annulus. The liquids then flow in a 
generally radial manner through the sand 
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to the well and either are returned to the 
reservoir to be recirculated or are caught 
in graduates for rate and composition 
measurements. 

The oil-glycerine contact level in the 
annulus is also the noncapillary glycerine 
level in the sand. In order to keep this 
level constant while the fluids are flowing, 
a gauge glass is connected to the side of 
the steel cylinder, and a photoelectric 
control actuated by changes in level in the 
glass operates a relay, which, when the 
glycerine level changes from the desired 
position, turns off whichever pump is 
running and simultaneously turns on the 
- other pump. Since both pumps are set to 
deliver their respective liquids at the same 
rate, this arrangement assures constant 
total liquid production rate, and keeps the 
‘liquid contact level constant within about 
4, inch. 

To obtain some idea of the distribution 
of liquids in the sand, electrical probes are 
provided, which can be forced downward 
into the sand from outside the apparatus. 
There are 17 of these probes, made of stiff 
349-in. brass rod and spaced at various 
distances from the well. When the sharp- 
ened tip of a probe enters a region in which 
the glycerine saturation exceeds approxi- 
mately 70 per cent, an increased current 
flows in an electrical circuit composed in 
part of the probe and the sand plus its 
contained fluids. This increase in current 
occurs because the glycerine is a better 
electrical conductor than oil, and its effect 
is read on the output meter of an amplifier. 

Figs. 3 and 4 show the radial model and 
its accessories. 


EXPERIMENTAL PROCEDURE 
on RapIAL MopEL 


Only one of many possible types of 
experiments has been performed on the 
radial model, but a brief description of the 
procedure used so far will illustrate what 
can be done. 
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The apparatus was filled with a weighed 
amount of previously washed and dried 
20 to 30-mesh filtering sand, and the poros- 
ity of the sand calculated. A portion of the 
same sand was packed separately to the 
same porosity and its permeability was 
determined. The sand in the model was 
then saturated with glycerine by alternate 
evacuation and purging with carbon 
dioxide, followed by pumping of glycerine 
through the sand until no undissolved gas 
remained. The glycerine in the upper part 
of the sand was then partly displaced with 
S.A.E. 70 lubricating oil and the photo- 
control set to keep the free glycerine level 
at about 8 in. above the bottom of the 
apparatus. The perforated section of the 
tubing representing the well was set 
slightly above the free glycerine level, and 
flow at constant rate was commenced. The 
height of the glycerine zone in the sand was 
measured periodically with the probes and 
flow was continued until this height, the 
composition of the discharge and the pres- 
sure drop through the sand attained steady 
values. The rate of flow, percentage 
glycerine in the discharge, profile of the 
glycerine zone and setting of the perforated 
section of the well were then recorded. 
Other rates and other perforation settings 
were then used, the experiment being 
continued in each case until the attainment 
of a steady state. 

Figs. 5 and 6 show typical data from 
such runs. The properties of the model 
studied and of the corresponding prototype 
are listed in Table 3. The scale ratios were 
so chosen that one foot in the model repre- 
sented 16 ft. in the prototype, and the 
events that take place in one hour in 
the model would require four hours in the 
prototype. Table 4 summarizes other data 
from this same series of runs. Columns 3 
and 4 give the vertical distances from the 
free glycerine level to the top of the region 
of high glycerine saturation. This is approx- 
imately the height of the so-called ‘‘ water 
cone” beneath and around the well. 


DIMENSIONAL-MODEL STUDIES OF OIL-FIELD BEHAVIOR 


184 


MOAIISAY 


auldaah} 9 


[04jUO2 Jane} juojsuog_L — 


[10 - aUILaOKO Ly 
9D 24499/8-OYOUd 


ssoj9 abnog aus 


sey wojjog 


om 
ses >A BA i SSA | 
A=) A yy Seat ae Y 4 


SS 


Did 
uolssasdwiog 


{3 


BULIBDA/O 


He) 


—uaas2S puDS 


a9DdS 40j/nuuy 


~~. saqoug 


~—=118M 


185 


M. C. LEVERETT, W. B. LEWIS AND M. E. TRUE 


“MOTA JUOI °9 
"MOTA IVY “g 
‘sduind pue yur} Ajddns-piny,y -p 
‘INANdINOG AUVITIXAV GNV TIGM TIO NV JO TAGOW IVNOISNAWIC] —’ 
q 


v-olg 


DIMENSIONAL-MODEL STUDIES OF OIL-FIELD BEHAVIOR 


186 


“NOILOINGOUd JO SALVA SNOIAVA LV TIAM TIO AO TACOW TVNOISNAWIC NI ONINOD— S ‘OI 
S@UDU] :|aPOW U! [JAM WOs4 dodUDdj\sSIG 
O 


dy 40d 99 OO! :a0y 
14a24|6 % G'| Bulonpold 


iN 


SOYOU] :}9DJUOD [IO - aULUaDA|Q Ba14 BAOgY jYbIAH 


4y Jad 99 0S9 
aulsaoh|6 % BZ BuIonposg 


4y Jad 29 O96! /34/04 
aulsarhk|6 %Q'SGE buionposg 
' 


4Y 48d 99 O9BL : 34/04 
aulsarh|b % Gp Bbulonposg 
| | 
wy Jad IDZEE 7aj0Yy 
aonds sDjnuuy aulsaohj/6 % g'g| BuIoNposg q ao0ds sojnuuy 


| 

| | | 

| uaasIS PUDS $UO0I{D41O{ Jag Uaas/IS PUDS 
| 


1199 $0 ||0M 1199 $0 110M 


App Jad "siqq G°G| = 44 4ad 22 CO! 
‘adAjojosd ul Q] =/apow ul | “ajDIS :3ajoN 


“ ” 


2 JODJUDH |IQ- eUIZaDA| 9914 aAOgy jybIa}: 


Sayou] 


M. C. LEVERETT, W. B. LEWIS AND M. E. TRUE 


CONSTRUCTION OF LINEAR MopEL 


The linear model is essentially an alumi- 
num box, 48 by 4 by 1 in. inside dimensions, 
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Rate of oil producti 
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diagrams of Fig. 7. The model is designed 
to study experimentally the effects of dis- 
placement rate, sand texture, liquid viscos- 
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— Rate of total 


fluid production 


pe) 
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Note: 
Bottom of perforations set 5 3/8 
above glycerine - oil interface. 
Length of perforated section: 2" 
Sand: 20-30 mesh 


“ 


Glycerine Produced: Per cent of Total Fluid 


(0) 1000 2000 3000 


4000 


5000 6000 7000 8000 


Production Rate: cc per Hour 


Fic. 6.—EFFECT OF PRODUCTION RATE ON GLYCERIN PRODUCTION FROM DIMENSIONAL MODEL OF 
OIL WELL. 


with provisions made for admitting fluids 
at one end and discharging them at the 
other. The box is filled with sands of two 
sizes, typically arranged as shown in the 


TABLE 3.—Properties of Sand and Fluids 
Studied in Radial Model 


Laboratory 


Model Prototype 

Liquid) representing] S.A.E. 70 lu-| Crude oil 

Ol PHASE tie, -- 3 bricating oil 
Liquid representing 

water phase....... Glycerin Salt water 
Difference in density 

of fluids, grams per 

CuChwe Mets Be Sis iahencite 0.366 0.366 
Oil viscosity, cp...... 795 1.99 
Viscosity of aqueous 

phase, CDi... etl AA Ears 
Interfacial tension, 

dynes percm...... 19.1 30.6 
Thickness of sand....| 24 in 32 ft. 
Diameter of system...| 22 in 29.3 ft. 
Diameter of well..... 3g in 6 in. 
Sand porosity, per 

Ceiltae ei se rete! wO4a5 Bans: 
Sand permeability, 

CARES Crit ontetel Etec 96 0.96 
Ratelot flow... .... .- 100 c.c. per hr. me 5 bbl. per 

ay 


ities, sand-body shape and size, direction 
of displacement, density difference be- 
tween the liquids, and interfacial tension 
on the recovery of oil from the sands by 
water displacement. 


TABLE 4.—Typical Conditions at Steady- 
state Equilibrium 


Rate of Produc- | Height of Water 
tion, Total Fluid Cone 
noe in 
\Discharge, 
Proto- 
Model, Model or 
Model, ee 1In fae = Peatoty pe: 
iC py bet Bol. ieee oe enone er Cen 
‘ Day Tae vee. 
3 ts 
100 15 3h 4.2 1.9 
337 51 458 6.2 18.8 
650 98 Shi6e 6.8 28.0 
1960 204 516 6.9 35.8 
7860 I180 5346 6.9 44.5 


One side of the apparatus is removable, 
permitting sampling of the sand and its 
liquid contents at numerous points. Liquids 
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are supplied to the apparatus by a Manzel 
chemical pump. Motion of the sand after 
packing is prevented by keeping it under 
compression with a compaction plate and 
screws. 


EXPERIMENTAL PROCEDURE 
oN LINEAR MopEL 


A typical experiment comprises, first, 
filling the apparatus with the two sands 
to be studied. These are previously washed, 
ignited and screened, and are kept from 
mixing in the model by a thin metal strip, 
which is removed after all the rectangular 
sand lens has been placed. Permeabilities 
of separate samples of the sands are 
measured in auxiliary experiments. 

Next, the apparatus is purged with carbon 
dioxide, followed by saturation with gly- 
cerine. Oil is pumped through, displacing 
glycerine, until a predetermined average 
glycerine saturation has been reached. The 
removable side of the apparatus is then 
removed and samples of the two sands are 
taken from 44 selected locations and 
analyzed for oil and glycerine. 

The analytical procedure comprises add- 
ing a measured volume of benzene to 
the weighed sample, thus extracting the 
oil from it, and evaporating an aliquot 
portion of the extract until no benzene 
remains. The oil residue is weighed. The 
sand is washed free of glycerine with alcohol 
followed by ether, dried and weighed. It 
was found that addition of a small volume 
of water with the benzene facilitated the 
extraction step. The oil content can be 
determined by this technique within about 
2 per cent of the amount of oil present, with 
corresponding accuracy in the glycerine 
determination. In this way the initial 
saturation distribution is arrived at. The 
lowest diagram of Fig. 7 shows a typical 
initial distribution. 

The entire apparatus is then cleaned and 
recharged with amounts of the two sands, 
oil and glycerine identical with those used 
before, After the oil is charged in this time, 
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the sand is flooded out with a definite 
amount of glycerine at a fixed rate. The 
apparatus is then dismantled and its con- 
tents are analyzed as before. Repetitions 
of this procedure, with the displacement 
stopped after different amounts of glycerine 
have been introduced, yield data for dia- 
grams like the others of Fig. 7. From these 
diagrams, the relative oil recoveries from 
the individual sands are computed. 

Figs. 8 and 9 show these computed 


results. The properties of the model and | 


its prototype are listed in Table 5. In this 


TABLE 5.—Properties of Sands and Fluids 
Used in Typical Linear Model 


Labora- 
tory 
Model— | roto- 
Fluids Used S.A.E. 70 went 
Lubricat- Ww ry 
ing Oil, pod 
Glycerine 
Difference in density of 

fluids, grams per c.c...... 0.366 0.366 
Oil viscosity, Cpe... cn diese ee 795 I.99 
Kee of aqueous phase, 

Bas Secon sere 454 * #53 
Interfaciai tension, dynes per 

Crate ahd Oblate cle mateieckcs 19.1 30.6 
Total length of sand.. 48 in. 64 ft. 
Length of lens......... 21 in. 28 ft. 
Total width of sand........ 4in. Sas ce 
Width of lens age: sce be 3 1m: 4 ft. 
Porosity, average, per cent. 38 38 
Permeability of coarse sand, 

GATCVS naib ste laoaics Be 120 i>2 
Permeability of lens, darcys. 8 0.08 
Linear fluid ae (high 

rate), ft. perday...¢<..5< PeuE 62.5 
Linear fluid Geloskiy. (low 

rate), ft persday.ies scscs . 0.39 1.56 


model, as in the radial one, the linear 


measurements of the model are one six- 


teenth those of the prototype. Thus, 
flooding out the 4-ft. column of mixed 
sands in 10 days in the model corresponds 
to flooding out 64 ft. of mixed sands in 4o 
days in the prototype. 


Utiziry oF MopEts 


The radial model is particularly well 
adapted to studies of variations in well- 
completion methods. Present experiments 
are directed toward determining the varia- 
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tions in the produced water-oil ratio in- 
duced by setting the perforated section at 
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The linear model is designed to show the 
relationships among the factors affecting 
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Fic. 9.—EFFECT OF RATE ON WATER-DRIVE RECOVERY FROM NONUNIFORM SANDS. 


various levels and by varying the length of 
the perforated section and the production 
rate. These data also will illuminate the 
phenomenon of water coning and its rela- 
tion to production rate. 


oil recoveries from layered sand in water- 
flooding. 

It is clear that a large amount of work 
remains to be done in the field of applying 
our knowledge of mixture flow. The scaling 
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technique presented here appears to be a 
tool of fairly wide applicability, and its use 
should be considered wherever work of this 
sort is being done. 

Further, the principles stated here imply 
that the results of experimental work on 
unscaled laboratory apparatus must be 
examined carefully to make sure that some 
apparently insignificant characteristic of 
the system has not been permitted to play 
a disproportionately important role, thus 
leading to erroneous interpretations. As an 
example, the boundary effect‘ is extremely 
important in experiments on short sand- 
flow tubes but is made to assume approxi- 
mately its true significance in these models 
because of the dimensional principles on 
which they are built. 
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Dimensional Analysis. 


DISCUSSION 
(N. N. Jones presiding) 


G. Fancuer,* Austin, Texas.—Petroleum 
engineering is coming of age when a paper like 
this can be prepared, presented and offered 
to the oil fraternity. This splendid paper is 
not only one that students of reservoir per- 
formance have awaited but also is a logical 
consequence of a type of research that has 
become increasingly significant during the past 
decade. The performance of models, including 
small oil fields, flooding pots and flow tubes 
of many kinds, has been studied by many 
workers since the pioneer days of Van Mills. 


* Professor of Petroleum Engineering, University 
of Texas. 


DIMENSIONAL-MODEL STUDIES OF OIL-FIELD BEHAVIOR 


Conclusions, conservative and rash, sound and 
controversial, theoretical and empirical, aca- 
demic and practical, important and trivial, 
major and minor, have been drawn from these 
studies with no yardstick of reliability avail- 
able except the slowly acquired lessons of 
experience. One cannot quarrel with this 
because certain tedious groundwork was neces- 
sary before the methods of Leverett and 
co-workers could be used. It should not be 
forgotten that dimensional analysis of a 
problem and the application of dimensional 


methods are absolutely dependent on a partial - 


knowledge of the subject. In this case, a 
knowledge of the system involved had to 
develop, including the relations of permeability, 
porosity, fluid-phase properties, and rock 
systems. In other words, petroleum engineering 
had to come of age. Now, in the light of the 
methods of Leverett and co-workers, the 
results and conclusions of the earlier work with 
models should be examined critically. It is 
hoped that this will be done in order to plan 
better what remains to be done—and, more 
important, can and should be done soon. 

Because the paper is largely a statement of 
methods rather than a report of results, little 
specific comment is required at this time. 
However, it is gratifying to those of us who 
have been using, for example, the variable 
(k/u) in water-flooding work in an empirical 
way, and who have felt that results proved 
the point, now to have complete confidence 
in the basis of theory. It is perhaps some- 
what of a blow to realize that a dimensional 
model of the smallest oil field, much less the 
East Texas field, is not to be realized, but at 
least there is consolation in the fact that, 
knowing this, our efforts can be directed to 
more promising fields of endeavor. 


W. A. Bruce,* Tulsa, Okla.—In consider- 


ing the statement that “for most clean uncon- : 


solidated sands the relative permeabilities are 
substantially independent of the properties of 
the sands or fluids,’’ it may be well to note 
that in following the method of model design 
given in this paper it is necessary to assume 
that relative permeability-saturation relations 
are independent of sands or fluids. This assump- 
tion is logical and justifiable in pioneering an 
important piece of work like that presented 
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DISCUSSION 


here. It should be remembered, however, in 
attempting to apply results obtained with these 
models to actual reservoir problems, that, as 
pointed out by Dr. Leverett in an earlier 
paper, differences in relative permeability- 
saturation relations do exist even in clean 
unconsolidated sands, and that these differ- 
ences are too large to be explained by experi- 
mental error. 

In the work on the dimensional inclusion of 
capillary pressure, the authors have taken a 
great step forward in removing one of the 
main obstacles; i.e., the necessity of having to 
use static capillarity experiments to consider 
dynamic problems. They have, by their rate of 
imbibition experiment, put the model work 
and capillary-pressure work on a comparable 
basis. It is to be inferred that more of this 


_ type of work will be done. It is important, 


though, to have experiments of a cross-check 
type also, to help prove the validity of this 
type of model work. 

A possible experiment to do this could be 
along the lines of the rate of imbibition experi- 
ment described. It could be performed in such 
a way that imbibition rate vs. reciprocal linear 
advance of the ‘‘water front”? would result. 
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If the ‘water front” advance is similar to the 
static capillary distribution, there should exist 
the same driving pressure P,, described by the 
authors, and the resistance of a column of 
fluid Z in length and A in area. Thus, the rate of 
imbibition would be g = P,.BA/L. The experi- 
ment suggested above should give a straight 
line if P. is constant, as is assumed in the 
representation given in Fig. 2. This would 
permit a consideration of the constancy of 
P, for each sand considered rather than an 
assumption that P, was a function of satura- 
tion surface tension and ¢/K, since in this 
experiment K, ¢, y, and S would presumably 
be held constant. 


M. C. Leverett (author’s reply).—Dr. 
Bruce’s suggestion that imbibition rate vs. 
reciprocal linear advance of the imbibed liquid 
should be a straight line was, in fact, considered 
as one possible way of presenting the data, and 
is approximately true. This procedure, how- 
ever, was, found to be less satisfactory than 
the one used, which was to vary 6/K, y, » and 
S separately. In this way it was established 
that each of these factors enters into the P- 
function in the manner shown in the paper. 


Calculation of Productivity Factors for Oil-gas-water Systems 
in the Steady State 


By H. H. Evincer* anp M. Musxat* 


(New York Meeting, February 1942) 


A metuop of calculating productivity factors 
for oil, gas, and water systems in the steady 
state is presented as an illustration of the quan- 
titative application of the fundamental data 
on the flow properties of heterogeneous fluid 
systems. While the numerical results of the 
calculations cannot be applied directly to field 
conditions, because they are based on permea- 
bility data for unconsolidated sands and involve 
specific assumptions regarding the nature of 
the reservoir fluids, the methods of analysis 
and interpretation should have significance in 
considering certain specific field situations 
when the necessary field and laboratory data 
become available. Moreover, it is felt that even 
under the idealized conditions to which the 
numerical calculations refer they should serve 
to give at least the orders of magnitude of the 
effects of gas-oil ratio and connate water on 
observed productivity factors. Within the 
indicated limitations, the computations imply 
that the foregoing factors can explain only a 
part of the apparent discrepancy between the 
homogeneous fluid productivity factors and 
those obtained recently in field measurements 
on the West Coast. 


INTRODUCTION 


Sufficient laboratory research has been 
carried out in the last several years on the 
fundamental features of the flow of hetero- 
geneous fluids through porous media to 
call for consideration of what can be done 
with this type of information. It has, of 
course, already led to a much clearer 
general understanding of the mechanics 
of oil production. However, examples of 
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the quantitative application of the results © 


of such laboratory studies are few in the 
literature. Part of the explanation for this 
fact lies undoubtedly in the lack of suffi- 
cient laboratory data relating to practical 
fluids and sand systems such as would 
occur in actual oil reservoirs. However, 
unless it can be shown that if such data 
were obtained quantitative applications 
could be made, serious doubt may be 
cast upon the desirability of carrying 
on further-extensive experimental research 
work on fluid flow. 

The purpose of this paper is to present 
one approach to the problem of quantita- 
tive application of laboratory data to 
practical field problems. Because the 
published results on the basic experiments 
with three-phase fluid systems in porous 
media are limited entirely to uncon- 
solidated sands, the numerical applications 
made here will not pertain directly to 
any actual field situation. However, they 
should serve to illustrate what could be 
done with fundamental laboratory data 
if they were extended to cover the field 
of consolidated sands. From this point 
of view, it is hoped it will serve to encourage 
further laboratory research on this problem. 

The particular application to be treated 
here relates to the calculation of the 
productivity factors for oil-gas-water sys- 
tems in the steady state. This specific 
problem seems especially appropriate for 
discussion in view of the recent publica- 
tion by Johnston! of the results of produc- 
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tivity-factor measurements in California 
(see also Pyle and Sherborne?). These 
measurements indicated that the produc- 
tivity factors as determined in the field 
are generally very much smaller, by factors 
of 50 to too, than those calculated on the 
radial homogeneous fluid flow formula. As 
Johnston points out, it is to be expected 
that the homogeneous fluid formula will 
predict productivity factors higher than 
those that will be observed in practical 
field tests where the fluid system is multi- 
phase. It is stated, in fact, that the appar- 
ent discrepancy involving the factors of 
50 to 100 must arise from the heterogeneous 
“nature of the flow system in the actual 
field reservoirs and the quality of the well 
completion. It is obviously pertinent to 
inquire how much of the apparent dis- 
crepancy can be attributed to the multi- 
phase characteristics of the flow systems. 
The treatment to follow represents the 
results of such an inquiry. Admittedly 
its significance is limited because it has 
of necessity been based upon data obtained 
from unconsolidated sands.* Moreover, 
the fluid system assumed in the numerical 
part of the work undoubtedly differs to 
some extent from those involved in the 
actual field tests. Nevertheless, it is felt 
that the calculations are useful in indicating 
the order of magnitude of the effect that 
may be attributed to the multiphase 
features of the flow system. In any case 
they should serve to show how the proper 
calculations could be carried out if and 
when the appropriate practical laboratory 
data on consolidated sands become 
available. 


ANALYTICAL PROCEDURE 


The analytical basis for the following 
calculations is the generalization of that 
previously developed and applied in the 
study of two-phase systems flowing through 
porous media.‘ For the general case of a 
three-phase system such as gas, oil and 
water, the dynamical equations are ob- 
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tained by writing an equation of con- 
tinuity for each of the three phases, as 
follows: 


v: (gv) =15; 0/8) Lal 


v- (52 ve + V+ 9) 


Spo 
= 15, (Re +44 —p. — ee)! [00 
Ofw 
v:(2v)=f22 bd 
where k, w and p denote, respectively, 


permeability, viscosity, and saturation, and 
the subscripts 0, g and w refer to the oil, 
gas and water phases; p denotes the fluid 
pressure, f the porosity, y the gas density 
and S the solubility of the gas in the oil 
expressed as volume of gas dissolved per 
unit volume of residual oil. 6 represents 
the expansion factor of the oil, and for 
any particular pressure it is equal to the 
volume occupied by unit volume of residual 
oil. In setting up these equations, it has 
been assumed that both the solubility of 
the gas in the water and the expansion 
of the water may be neglected. 

If the assumption is introduced that 
the flow takes place under steady-state 
conditions, which might be regarded as 
justifiable for short periods of time, the 
right sides of Eqs. 1a, 1b and 1¢ become 
zero and their first integrals may be 
obtained easily. Equating the left members 
of these equations to zero, the first integrals 
for a radial system are given by: 


onrh ko dp 
eB i dF [2a] 
dp 
Qo = 2mrh(Sko/Buo + YRo/to) 7, [26] 
Ou = 2mr rhe a [2c] 


where Q represents volume rates of produc- 
tion, the units being cubic centimeters of 
residual oil per second for the oil phase 
and of gas (reduced to standard conditions) 
per second for the gas phase, 
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Denoting the gas-oil ratio Q,/Q. by R, 
and the water-oil ratio Q./Q. by W, it is 
found from Eqs. 2, by simple division, that: 

R=S + a(p)kg/ko [34] 


[35] 


and 
W = B(p)kw/ko 
where: 


and 


@(p) = Buo/pw [4] 


It should be noted here that a and ® are 
properties of the fluid system and are func- 
tions of p alone (for isothermal conditions), 
whereas the permeabilities, k, are proper- 
ties of the porous medium and are deter- 
mined by the saturations py and po. 

Direct integration of Eq. 2a gives: 


Qo De ko/k 
athk P pod dp [s] 


a(p) = YBbo/ Me 


log r./r = 


where p, is the reservoir pressure, r, the 
effective reservoir radius, and k the homo- 
geneous fluid permeability. The indefinite 
integral may be evaluated, as was done 
for the two-phase system, and the pressure 
distribution may be determined. However, 
it will be sufficient for the calculation of the 
productivity factor to consider only the 
limiting form of Eq. 5 obtained by putting 
r=fw, p = pw, and then letting p, ap- 
proach p,.. Eq. 5 then takes the following 
form: 


Qo se, am(ko/R)e a 
itAb nb log tape [6] 


where F is the productivity factor, (ko/k). 
is the relative permeability to oil corre- 
sponding to the sand saturation at the 
reservoir radius, and 7, is the well radius. 
The values of wo and 6 to be used in 
numerical calculations are those corre- 
sponding to the reservoir pressure. From 
Eq. 6 it is clear that, so far as the effect of 
fluid saturation is concerned, the term 
(ko/k). alone will cause variations in F. 
For the case in which the pore space is 
completely filled with oil, this term has the 
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value unity. If free gas or connate water is 
present, however, its value will be lowered. 
This effect is shown in some of the accom- 
panying curves. 

Several items should be noted with 
respect to the definition of the productivity 
factor as given by Eq. 6. In the first place, 
it has been defined so as to refer to the 
limiting slope of the production-rate vs. 
pressure-differential curve for vanishing 


pressure differential; that is, at the origin. — 


This special form for the definition has 
been used here because the theoretical 
calculations, as made previously for the 
two-fluid system, and as would be implied 
by Eq. 5 for the three-fluid system, lead 
to a nonlinear variation of the production 
rate with pressure differential. Thus, the 
productivity factor, as ordinarily defined, 
which involves division of the production 


_ rate by the pressure differential, would not 


be constant, but would decrease as the 
production rate increases. It is necessary 
therefore, from a theoretical point of view 
at least, to refer the productivity factor 
to some basic reference point, and the 
most natural reference basis seems to be 
the limiting conditions at vanishing pres- 
sure differential. From a practical stand- 
point this means that if there is any 
pronounced curvature in the curve of 
observed production rate vs. pressure 
differential the curve should be extrap- 
olated to the origin and its slope at that 


point be used in calculating the produc- 


tivity factor. 

Another factor to be noted about the 
definition of Eq. 6 relates to the reduction 
of the productivity factor to unit sand 
thickness, thus removing the effect of 
the absolute value of the thickness of the 
producing zone. This corresponds to the 
specific productivity factor that has already 
appeared in the literature. Where no 
difficulties arise from the linear averaging 
of strata of different effective permeabili- 
ties, the over-all productivity factors for a 
natural system should be given simply by 


. 
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the product of the F values of Eq. 6 
and the effective sand thickness. 

The expression of F in terms of a unit 
permeability has likewise been introduced 
only to avoid the assumption of specific 
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available the simplifications can be dropped 
and the appropriate modifications can be 
made in the calculations. To avoid mis- 
interpretation, explicit values of F will not 
be presented here, and the numerical values 
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Fic. 1.—SOLUBILITY, EXPANSION FACTOR, AND OIL VISCOSITY FOR RESERVOIR FLUIDS AS A FUNCTION 
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Expansion factors are equivalent to B — 1. 


numerical values for the permeability. 
This is not to be construed as implying 
that the relative permeability curves for 
the various fluid phases are the same for 
all sands regardless of the homogeneous 
fluid permeability. On the contrary, it is to 
be understood that the only way in which 
quantitative checks between field and 
laboratory computations of the productiv- 
ity factors can be made is by using for the 
relative oil permeability, (%./k), data ap- 
propriate to the particular producing pay 
in question. The reduction of the productiv- 
ity factor to a unit permeability will then 
be only a matter of convenience and con- 
vention, and, in fact, the use of Fk rather 
than F for the productivity factor would 
then probably be more advisable from a 
practical point of view. 

Again it is to be emphasized that these 
various simplifying factors of the definition 
of Eq. 6 can be justified only because the 
calculations as a whole are intended to 
serve essentially as an illustration of the 
method of calculating productivity factors. 
It is to be understood, however, that when 
the necessary data for specific cases are 


will be limited to those of k,/k which give 
the ratio of the productivity factor for 
the multiphase system to that for the 
equivalent homogeneous fluid system. 


EXPERIMENTAL DATA 


The properties of the oil used in these 
calculations are the same as those employed 
in the previous work* on the low-pressure, 
two-phase system. Fig. 1 gives the variation 
with pressure of the gas solubility S, oil 
expansion £, and oil viscosity wo. For the 
gas, the viscosity was assumed to be 
constant at o.o1 c.p., and its density was 
taken to be proportional to the absolute 
pressure. The permeability-saturation data 
are shown graphically in Figs. 2, 3, 4 and 5. 
These curves were obtained, by means of a 
great deal of smoothing and interpolation, 
from the data of Leverett and Lewis.* As 
already indicated, the porous media em- 
ployed in their experiments consisted of 
unconsolidated sands, and inasmuch as no 
similar work has been published on con- 
solidated sand there exists an uncertainty 
as to the extent to which the final calcula- 
tions might be influenced by differences in 


198 PRODUCTIVITY FACTORS FOR OIL-GAS-WATER SYSTEMS 
the properties of the sand. Another factor 
that tends to limit the usefulness of these 
data is the scarcity of measurements for 


Wyckoff and Botset® because the data 
for this case were much more complete 
than those of Leverett and Lewis. For 
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Fic. 2.—VARIATION OF k,/ko WITH OIL 
SATURATION (p,) FOR FIXED VALUES OF WATER 
SATURATION (py). 

kg = gas permeability; ko = oil permeability. 


values of water saturation between o and 
30 per cent. This is a rather important 
range because it includes the cases in 
which the connate-water content may be 
sufficient to decrease the oil permeability 
considerably and yet be too low to result 
in the production of water. 

In Fig. 2 are plotted curves of the ratio 
of gas to oil permeability, k,/k., vs. the 
oil saturation p., for constant values of 
the water saturation pw. Eq. 3 shows that 
for fixed reservoir pressure the gas-oil 
ratio varies linearly with k,/ko. The curve 
for py =o was taken from the work of 
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Fic. 3.—VARIATION OF ky/ko WITH OIL 
SATURATION (99) FOR FIXED VALUES OF WATER 
SATURATION (py). 

kw = water permeability; k. = oil perme- 
ability. 


fixed water saturation pw, k,/k, decreases 
with increasing oil saturation, which, of 
course, is to be expected, since the gas 
permeability should decrease and the 
oil permeability increase as p. becomes 
larger. The effect of increasing the water 
saturation for fixed oil saturation is to 
decrease the ratio k,/k.. Probably this is 
chiefly because k, itself decreases on 
account of the necessarily decreasing 
values of the gas saturation. Fig. 3 shows 
similar curves for the ratio of water to 
oil permeabilities, k./k., which is pro- 
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portional to the water-oil ratio of the 
production. The general characteristics 
of these can be explained by considerations 
similar to those applied to Fig. 2. 

Fig. 4 shows the variation of relative 
permeability to oil, k./k, with the ratio 
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Fic. 4.—VARIATION OF RELATIVE PERME- 
ABILITY TO OIL (k,/k) WITH kg/ko FOR FIXED 
VALUES OF WATER SATURATION (py). 

k = homogeneous-fluid permeability; ky = 
gas permeability; k, = oil permeability. k,/k is 
equivalent to ratio between productivity factor 
for actual flow system and that for correspond- 
iug homogeneous-fluid system. 


k,/k for fixed values of pu. Again, Wyckoff 
and Botset’s data were used for the case 
Pw = o. The curves of Fig. 5 were obtained 
by cross plotting the curves of Fig. 4, 
the odd values of k,/k. corresponding 
to the values of gas-oil ratio R assumed 
in the subsequent calculations. 


NUMERICAL APPLICATION 


The first step in the application of these 
data was to determine the reservoir 
saturations po» and pw, required to yield 
specified values of gas-oil ratio K and water- 
oil ratio W. The range of numerical values 
employed was o to 5 bbl. water per barrel 
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oil for W, and 297 to 2000 cu. ft. per barrel* 
oil for R, the figure of 297 representing 
the saturation value at the assumed 
reservoir pressure of 725 lb. per sq. in. 
From the assumed values of R and W, 
k,/ko and kw/ko were determined by means 
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Fic. 5.—VARIATION OF RELATIVE PERME- 
ABILITY TO OIL (k,/k) WITH WATER SATURATION 
(pw), FOR FIXED VALUES OF k,/ko, OR GAS-OIL 
RATIOS R, 

k = homogeneous-fluid permeability; k, = 
gas permeability; ko = oil permeability; ko/k 
= (productivity factor for actual system)/ 
(productivity factor for corresponding homo- 
geneous-fluid system). 


of Eqs. 3a and 36. Then, using the resulting 
values of k,/k, and kw/k., it was possible, 
by the use of the curves of Figs. 2 and 3, 
to make a graphical determination of 
pw and po. With p,» known, the relative 
permeability to oil, k./k, corresponding 
to the selected value of R, was determined 
from the appropriate curve of Fig. 5. 

It is thus possible, if the properties of 
the gas-oil mixture are known, to determine 


* Gas-oil ratios higher than the solution ratio 
are used here only for illustrative purposes. In 
practice such a situation would imply that the 
original pressure was considerably higher than 
725 lb. per sq. in. and that the sand has already 
been appreciably depleted. 
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the values of py and p, (and also py, since 
Pw + Po + py = 1), which will yield speci- 
fied values of R and W. The permeabilities 
for each phase can then be found from the 
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Fic. 6.—VARIATION OF OIL SATURATION (po) 
WITH WATER SATURATION (pw) FOR FIXED 
VALUES OF GAS-OIL RATIO R. 


permeability-saturation data. It should be 
noted here that the numerical values of 
permeability and saturation found in this 
manner refer to conditions at 7, the reser- 
voir boundary. If it were desired, the radial 
distribution of these quantities could be 
found as a function of the pressure differen- 
tial in a manner similar to that employed 
for the two-phase system. For the purpose 
of the limiting productivity-factor cal- 
culation, however, this is unnecessary. 
The numerical results of the procedure 
described above are presented in graphical 
form in Figs. 6 to 9. Fig. 6 gives the 
relation between the limiting reservoir 
values of p, and p, for fixed values of the 
gas-oil ratio. For the case R = 297, all 
of the gas is carried in solution in the oil, 
at the reservoir radius, and the curve 
merely expresses the relationship p, + 
Pwo = 1. The fact that all of the curves 
are approximately of the form po + pw + 
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c = 1, where c is a constant, shows that 
the gas saturation p, is determined essen- 
tially by the gas-oil ratio R. The curves 
of Fig. 7 are obtained directly from those 
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Fic. 7.—VARIATION OF GAS-OIL RATIO R 
WITH OIL SATURATION p, FOR FIXED VALUES 
OF WATER SATURATION pw. 
of Fig. 6, and show the relationship between 
the gas-oil ratio and oil saturation for 
fixed values of water saturation. As is 
to be expected, R increases rapidly for 
decreasing values of po. As p. decreases 
with a fixed value of pw, p, must neces- 
sarily increase. This results in an increase 
in k, and a decrease in k,. Eq. 3a shows 
that this leads to an increase in the value 
of R. 

In Fig. 8 the relationship is plotted 
between the water-oil ratio W and pw 
for fixed values of R. Eq. 55 shows that 
W is determined essentially by the ratio 
kw/Ro. In the discussion of Fig. 6 it was 
shown that a constant value of R implies 
only a small variation in the gas saturation 
p, so that an increase in pw for fixed R 
necessitates a decrease in py. The ratio 
kw/ko, and hence W, will therefore increase 
with p» not only because of the increase 
in kw but also because of the decrease 
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in k,. In Fig. 9 are shown curves of W vs. 
P./pw for fixed values of R. Here, as is 
to be expected, increasing values of 
Po/Pw give rise to a decrease in water-oil 
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ratio. One feature of these curves to be 
noted is that for a particular value of 
Po/ Pw, W is relatively insensitive to changes 
in RK. Thus, when R is increased by a 
factor of nearly seven, the maximum 
change in W, for the range covered by the 
curves, is less than a factor of three. 


APPLICATION TO PRODUCTION PROBLEMS 


The foregoing analysis has shown that 
with the gas-oil ratio and water-oil ratio 
- given, it is possible, in principle, to cal- 
culate the reservoir saturations p, and 
hence the permeabilities and productivity 
factor. Conversely, if one knew the reser- 
voir saturations, the gas-oil ratio, water-oil 
ratio and the productivity factor could 
be found. The determination of the 
reservoir saturations is one of the central 
problems of core analysis, of course. In 
virgin fields the determination of the inter- 
stitial water from cores in the oil-water 
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zone should, by difference, give reliable 
values for the oil saturation. For depleted 
reservoirs, however, even more indirect 
methods must be used in the determination 


5.0 
4.5 | 
4.0 

z 

03.5 

Ss 

23.0 

oO 


WwW 
be 
a 


he 
° 


WATER-OIL RATIO, 
S)) 


0.5 


0 aes 
05° 06°" 07 “08 "09" [0 iA 12 
Po/Pw 


Fic. 9.— VARIATION OF WATER-OIL RATIO W 
WITH po/pw FOR FIXED VALUES OF GAS-OIL RATIO 
R. po = oil saturation; p, = water saturation. 
of the oil saturation, so that a greater 
uncertainty may be involved in the final 
calculation of the productivity factor. 

If we suppose that the reservoir satura~ 
tions p. and p,» have been determined, the 
corresponding value of k,/k, may then 
be found from curves such as those of 
Fig. 2. Curves such as those of Fig. 4 
will then provide the relative permeability 
to the oil, k./k. Since the composite 
effect upon the gas and water phases 
on the oil flow is included in the value of 
ko/k, Fig. 4 should then give the produc- 
tivity factors of the three-phase system 
relative to that for a homogeneous fluid 
system. 

It is of interest to note that the numeri- 
cal results corresponding to the preceding 
figures would suffice to explain only a 
part of the large differences reported by 
Pyle and Sherborne? and Johnston! be- 
tween the observed values of the produc- 
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tivity factor and those calculated on the 
basis of the homogeneous fluid permea- 
bility. In fact, even for cases in which py 
is sufficiently large to give rise to a Io per 
cent water production the relative per- 
meability to oil k./k still exceeds o.t1. 
On the other hand, for some of the cases 
cited by Pyle and Sherborne and by 
Johnston this ratio would be less than 
0.01, notwithstanding the fact that the 
wells were producing only negligible 
amounts of water. It is, of course, true, 
as has been previously emphasized, that 
the numerical calculations reported here 
refer to a specific fluid system with a 
fixed reservoir pressure of 725 lb. And, 
what is more important, the permeability 
data relate only to the unconsolidated 
sands studied by Leverett and Lewis.® 
Undoubtedly, the numerical results of the 
calculations would be different if the 
corresponding data for consolidated sands 
had been used, and, in fact, they would 
be likely to vary with each particular 
type of consolidated sand. However, in 
view of the low values of the relative oil 
permeability already used in the cal- 
culations, even with the unconsolidated 
sand, as shown in Fig. 4, it seems. very 
doubtful whether the whole of the residual 
discrepancy could be bridged merely by 
corrections in the assumed permeability 
curves. 

The alternative to attributing the dis- 
crepancy to approximations in the theo- 
retical calculations appears to lie in the 
physical significance of the field observa- 
tions. This alternative, however, is also 
beset with difficulties. Thus the failure to 
reach strictly steady states in the field tests 
should have led to apparent productivity 
factors greater than those calculated, 
rather than lower. The use here of a limit- 
ing productivity factor, for zero pressure 
differential, in contrast to the conventional 
usage, in which the production rate is 
divided by the nonvanishing pressure 
differential, would tend to make the field 
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results low. However, this difference could 
account at most for a factor of 2 in the dis- 
crepancy. One is thus forced to raise the 
question of mudding or plugging of the 
producing sand faces during the well com- 
pletion as the reason for the abnormally 
low productivity factors observed in the 
field tests. This, of course, is admittedly 
too broad an explanation to be especially 
convincing. For one might have expected 
more exceptions with high productivity 
factors, corresponding to really clean sand 
faces, among all the wells studied. On the 
other hand, there is a considerable spread— 
corresponding to a factor of 5 to 1o—in 
the data plotted by Johnston, which is 
suggestive of an erratic element in the 
data, such as would be expected of mudding 
effects. 

The implications of these calculations 
that the field results as reported by Johns- 
ton cannot be entirely explained in terms 
of the heterogeneous character of the oil 
and gas seems to be strongly supported 
by the data recently reported by Horner, 
Lewis and Stekoll.® These authors find that 
the ratios between the productivity factor 
as calculated by the homogeneous fluid 
formula and those observed are in general 
even less than 2 and occasionally agree 
with the value unity within experimental 
errors. On the basis of these results, it 
would seem that under field conditions 
the heterogeneous character of the flow 
may affect the productivity factor far less, 


rather than more, than would be indicated — 


by the present calculations. While it is true 
that many of the cases cited by Horner, 
Lewis and Stekoll refer to virgin conditions 
with practically no free gas voidage within 
the sand, even those where free gas was 
present required no more than a factor of 2 
as a Correction to bring the observed results 
in line with those obtained under virgin 
conditions. In the latter, of course, the 
major factor reducing the permeability 
to the oil was the connate water. Hence, at 
least for the wells studied by these authors, 


SE ese 


H. H. EVINGER 


the connate water did not appear to cut 
down the productivity factor to less than 
half of the ideal homogeneous fluid value. 
To achieve a satisfactory reconciliation 
between these divergent results, it is 
therefore clear that further work needs 
to be done with respect to the gathering 
of both laboratory and field data. 

Aside from the bearing of the foregoing 
calculations on the problem of productivity 
factors, other interesting conclusions may 
be drawn. Thus Fig. 7 shows the rapid 
increase of the gas-oil ratio with decreasing 
oil saturation. This does not mean a 
corresponding increase in gas-oil ratio with 


~ increasing cumulative oil production, since 


Fig. 7 is based on the assumption that the 
reservoir pressure is kept fixed at 725 lb. 
On the other hand, it does indicate the 


- relatively low efficiency of direct gas drive 


in repressuring as a secondary-recovery 
operation. 

A very high sensitivity of the water 
production—water-oil ratio—to the water 
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saturation may be inferred from Fig. 8. 
This is at least qualitatively in accord with 
the field experience that the transition 
period between the flow of clean oil and 
complete drowning out of the oil by water 
is often of very short duration. Of course, 
the basic permeability saturation data 
of Fig. 4 directly indicate this type of 
behavior. 
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Factors Influencing Electrical Resistivity of Drilling Fluids 


By Joun E. SHERBORNE* AND Wittiam M. Newron,f Junior Mempers A.I.M.E. 
(Los Angeles Meeting, October 1941) 


Tue relation between the properties of 
electric logs and the fluid used in drilling a well 
is briefly discussed in this paper, and the fact 
that the resistivity of the drilling mud and its 
filtrate can appreciably affect such logs is 
shown. 

Apparatus was designed and a procedure 
established to determine the effect of various 
factors on the resistivity of drilling mud. Five 
muds commonly employed in California were 
tested and the following observations were 
made: 

1. The effect of raising the temperature 
from 80°F. to 180°F. is to decrease the resis- 
tivity of the mud or filtrate approximately 
50 per cent. 

2. The resistivity of the mud in most cases 
closely approximates that of its filtrate. 

3. The change in the resistivities of muds 
caused by the addition of chemical is not the 
same function of the amount of chemical 
added for each mud. 

4. The effect produced by increased sodium 
chloride content is to reduce markedly the 
resistivity of the mud and its filtrate. 

5. Weighting materials, such as Baroid and 
limestone, tend to increase the resistivity of 
drilling mud. 

6. Cement and counteracting reagents re- 
duce mud resistivity. 


INTRODUCTION 


During recent years, the practice of 
“electrically logging” a geologic formation 
by means of a system of electrodes lowered 
in a well bore has provided data of in- 
estimable value concerning the nature of 
the sediments penetrated. Thus, it is 
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generally possible, by means of electric 
logs, to distinguish readily the differences 
between shales, sandstones, cherts, lime- 
stones, and other rock forms. The dis- 
tinguishing characteristics recorded in this 
manner have made possible long-range and 
closely detailed mapping and visualization 
of deeply buried structures!~> to a degree 
not to be obtained with a reasonable 
expenditure of money by any other means 
at present in use. 

Besides being of value in correlation 
work, electric logs have been found, in 
some instances, to be useful in estimating 
the nature of fluid contained within the 
pores of a rock. In special cases, even the 
relative permeabilities at different horizons 
have been determined.® That electric logs 
should reflect in some measure such 
physical properties of rocks as porosity 
and permeability and, in addition, give rise 
to data pertaining to the fluid content of 
rock interstices, becomes evident when the 
conditions giving rise to the electrical 
phenomena measured are known. How- 
ever, it is not the purpose of this paper to 
review the present status 
logging; rather, the reader is referred to the 
papers cited on page 220 for the principles 
and practice involved. 


IMPORTANCE OF DRILLING FLuIp 
IN ELEcTRIC LOGGING 


Because the drilling fluid must be the 
medium through which the electric logging 
device is made to traverse the formations 
penetrated by a borehole, and since, in gen- 
eral, the drilling mud completely surrounds 


1 References are at the end of the paper, 
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the electrodes, a knowledge of the electrical 
properties of this fluid is essential to the 
thorough analysis of electric logs. There 
have long been considerable field data to 
indicate the great influence of the nature 
of the drilling fluid upon electric logs, but, 
to the knowledge of the writers, no quanti- 
tative information has been published. 
As has been indicated above, the resistivity 
of a drilling mud, the resistivity of its 
filtrate, and the wall-building characteris- 
tics of the mud are three of its more 
important qualities, as far as electric 
logging is concerned. The latter quality, 
the wall-building character, is important 
‘in that it controls, to some extent, the 
amount of fluid infiltration into the forma- 
tion. As has been shown by Torrey,® the 
self-potential curve can yield valuable 
information regarding the permeability 
of the formations encountered when the 
fluid entering the formation is allowed to 
pass directly from the well bore into the 
formation without encountering resistance. 
When mud is used, however, that is not 
generally true. Drilling mud is so composed 
and maintained that very quickly it builds 
a relatively impervious cake upon the 
walls of the borehole. A mud similar to the 
muds of good quality used in practice, 
when circulated against formations widely 
different in their properties, will produce 
a cake that has a very low permeability 
in comparison with that of the formation. 
H. T. Byck" studied a number of muds 
and found that the permeabilities of their 
cakes were of the order of 10~® darcys, 
whereas those of sands encountered in 
oil-bearing formations range from as 
low as 107° to as high as 25 darcys.* It is 
apparent that the mud cake, in most 
instances, must, to a large extent, control 
the rate of flow of fluid from the well bore 
into the formation. The wall-building 
* The unit of permeability, the darcy, is the value 
obtained when a homogeneous fluid flows at a rate of 
one milliliter per second, through one square centi- 
meter of a porous medium, under a pressure gradient 


of{one atmosphere per centimeter, for conditions of 
viscous flow. 
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characteristics of drilling fluids have been 
considerably investigated.1-12 However, 
as far as the writer knows, very few data 
have been accumulated regarding the 
resistivity of the drilling fluid and its 
filtrate or the factors that influence it. 


Scope oF INVESTIGATION 


The purpose of this paper is, first, to 
present a report of the apparatus used and 
results obtained in a brief investigation 
into the effect that various factors may 
have upon the electrical resistance of 
drilling muds and their filtrates, and, 
second, to show the effect of the electrical 
resistance of the drilling fluid upon electric 
logs in some specific cases. 

Measurements were made over a range 
of conditions usually encountered in 
ordinary field operations. The tests were 
made at temperatures from 80°F. to 180°F. 
The conditions were maintained to within 
+0.5°F. at the lower temperature and 
within + 2.0°F. at the higher temperatures, 
by means of a water bath. 


MATERIALS USED 


Five muds were chosen for this study, 
closely representing the various types used 
in oil-well completions in California. 


These muds are designated as McKittrick, 
Aquagel, Oxo, Wilmington Slough, and 
Mojave P-34. Their properties are given in 
Table r. 


TABLE 1.—Properties of the Five Muds 
Tested 
Filter 
Salin- Rate, 
Weight, | ity, 5-15 
Mud Lb. per | Grains} pH | Min. 
Differ- 
ence, 
con 
Aquagel........... 9.2 4.5 
McKittrick. © .<...< 9.0 
OXON, Shiatlio. xe spat 8.7 5.3 
Mojave P-34...... 
Wilmington Slough. 


The relation between temperature and 
resistivity for the five muds and their 
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filtrates, both native and treated with 
sodium pyrophosphate, quebracho (com- 
mercial tannic acid), sodium chloride, 
Baroid, limestone, cement, and sodium 
bicarbonate, has been determined. Each 
of these materials was of the grade that 


Transformer 


Saeko 
witc 
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size determination was obtained for each 
(Table 2). 


APPARATUS 


The Meter.—Since the instrument used 
in making these determinations was de- 


A. Switch to open resistance which protects meter 
B. Switch to change sensitivity of apparatus 
Fic. 1.—SCHEMATIC DIAGRAM OF METER CIRCUIT EMPLOYED IN RESISTIVITY MEASUREMENTS. 


would be used to treat the mud in the field. 
The amounts used were so chosen as to 
cover the range of the ordinary practical 
application, although, in some of the tests, 
particularly chemically treated samples, 
large excesses were added to demonstrate 
more clearly the effect produced. 

Both Baroid (essentially barium sul- 
phate) and limestone are used in a very 
finely divided state as weighting material 
in drilling muds. Since the state of aggrega- 
tion of these solids determines to some 
extent the properties of the mud, a particle- 


signed for use in the field by men with 


little technical training, consideration was 
given to making the device both strong and 
simple to operate, therefore certain refine- 
ments usually found on laboratory appara- 
tus were omitted. However, the results 
obtained are felt to be well within the 
limits required by field conditions. The 
Circuit is very simple and consists of a 
multitapped transformer fed by a source 
of electricity, the potential of which is 
given by an a.c. voltmeter across the 
primary. Current is withdrawn from a 
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selected portion of the secondary and flows 
through a cell containing the material to be 
tested. An a.c. milliammeter in series 
with the cell is used to determine the 
resistivity. Various resistances are used to 
change the range of the meter and to 
protect it. A schematic diagram of the 
circuit is shown in Fig. 1. 

The Cell.—It is impracticable in the field 
to measure the resistivity of a mud at a 
predetermined temperature but for labora- 


TABLE 2.—Particle-size Distribution 


Ba- | Lime- 
: : : roid,? | stone, 
Mesh or Particle Size Per Per 


Cent | Cent 
by Wt.|by Wt. 
A SSREOOMNES IG soa). 5 teria eee wee win 100 100 
PRS CRO OR EE 2 ce Asan nip at's a OSS be oe 100 99 
Pass 200 mesh, smaller than 74 microns| 100 Ones 
Pass 325 mesh, smallerthan 44 microns| 98 86.0 
Smaller than 40 microns.......... 84.1 
Smaller than 30 microns.......... 72.1 
Smaller than 20 microns.......... Ic Fs 
Smaller than I5 microns.......... 42.6 
Smaller than 10 microns.......... 31.6 
Smaller than. 8 microns.......... 28.1 
Smaller than 5 microns.......... Tf 
Smaller than 4 microns.......... I4.0 
Smaller than 2 microns.......... és 
Smallerthan 1 micron..,........ Cie 
Smallerthan 0.5 micron,:...5... 4 0.8 
SHECIMECELAVAbY coiscicl «ore to's ele ool s.tiarors aes 2.7 


@ Material and data obtained from Baroid Sales 
Corporation, Los Angeles. 
tory measurements the making of tests at 
constaat temperature is highly desirable. 
Therefore, it was necessary to develop 
cells for both the field and the laboratory. 
As with the meter, effort was made to 
make the cell for field use as strong as 
possible; the body and cap are made of 
Bakelite and the plates of stainless steel. 
A sketch of this cell is shown in Fig. 2. 

Two cells were used for the laboratory 
determinations, one for the mud, the 
other for the smaller amount of filtrate 
obtained from the mud. Both of these cells 
were made of Pyrex and employed stain- 
less-steel plates as electrodes. The labora- 
tory cells were very similar in construction 
except for size. When once a cell had been 
calibrated, great care was taken to keep 
each of the plates properly oriented in 
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relation to the other. During the experi- 
ments, the laboratory cells were maintained 
at constant temperature by immersion in a 
water bath. 


PLUG 


STAINLESS 
STEEL PLATES 


BRASS ANNULUS 
CEMENTED TO 
BAKELITE 


BRASS 


CAP FIBER 


WASHER 


Fic. 2.—CELL USED FOR FIELD MEASUREMENTS. 


The Filter Press.—The apparatus used to 


obtain the filtrate is that developed by 


P. H. Jones,!% which has been widely 
accepted throughout the petroleum indus- 


try for determining the filter performance 
of drilling fluids. 


CALIBRATION OF APPARATUS 


The apparatus was calibrated by tests 
made with chemically pure potassium 
chloride solutions of known concentration. 
The relation between the normality of 
these solutions and resistance was deter- 
mined by data obtained from the Interna- 
tional Critical Tables. During these and 
all subsequent tests, corrections were made 
for differences in line voltage observed 
on the voltmeter across the input of the 
transformer. 
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TABLE 3.—Effect of Chemical Treatment on 
Resistivity 
AQUAGEL, MoJAvE P-34, WILMINGTON 


SLtoucH Mups AND FILTRATES? 


Mud Filtrate 
Sam- Tem- :. | Tem- a 
ple Treatment pera- Resis- pera- —. 
No. ture, Ste ture, IMeter. 
Deg eter-| Deg, | cter- 
FB. ohms | # ohms 
AquaGEL Mup AND FILTRATES? 
I None 80 | 7.8 83 | 10.2 
Ior | 6.4 98 8.2 
120) 5% 138 6.1 
I40 | 4.5 178 452 
157 | 3-9 
cy7 sed 
tA®| None sh by he NS Oa 
2 2 1b. per bbl. so- 80 | 1.8 82 1.9 
dium pyrophos-| 100 | 1.4 100 Mak 
phate 138 | 1.0 146 1.05 
180 | 0.76 179 0.85 
3 2 lb. per bbl. 80 | 5.7 84 5.0 
quebracho 100 | 4.4 102 4-3 
I40 | 3.1 142 3.0 
180) 2.5 178 25a 
4 2 lb. per bbl. SIP} ITLG. 82 2.1 
each sodium] 104 | 1.3 IOI 1.6 
pyrophosphate 139 | 0.95 137 aa | 
and quebracho 180 | 0.74 180 0.85 
4A>5 | Same as No. 4 84 | 1.6 
1200] Cher 
136 | 0.93 
175 | 0.72 
5 5 lb. per bbl. B29) atk 80 233 
each sodium 104 | 0.82 98 Fd 
pyrophosphate} 139 | 0.63 144 0.75 
and quebracho 180 | 0.53 180 0.55 
Mojave P-34 Mup AND FILTRATES® 
I None 80 | 2.0 82 Tov 
tor |} 3.6 Ior r.4 
140 | 1.2 140 | 0.95 
180 | 0.87 | 179 0.75 
1A | None 179 | 0.87 
2 2 lb. per bbl. BA ited 80 1.0 
sodium pyro- roo | r.0 Tor | 0.82 
phosphate 140 | 0.72 | 140 | 0.62 
r8r | 0.61 | 18r 0.43 
3 2 lb. per bbl. 8x }\2.0 80 ee | 
quebracho 702.) T..5 100 1.4 
139 | 1.2 146 0.92 
180 | 0.86 | 181 0.71 
4 2 lb. per bbl. 80 | 1.3 80 3 
each sodium roo | 1.0 I0I | 0.909 
pyrophosphate| 119 | 0.84 | 1390 | 0.71 
and quebracho| 178 | 0.62 | 177 | 0.58 
4A>| Same as No. 4 el acd | 
Ioo | I.0 
140 | 0.71 
180 | 0.50 
5 5 lb. per bbl. 82 | 0.87 
sodium pyro- 98 | 0.74 
phosphate 140 | 0.53 
178 | 0.46 
5A®| Same as No. 5§ 81 | 0.86 
106 | 0.63 
142 | 0.52 
182 | 0.38 
6 5 lb. per bbl. 82 | 1.0 85 | 0.78 
each sodium| tr102 | 0.83 | 103 |0.64 
pyrophosphate | 142 | 0.59 | 138 | 0.48 
and quebracho] 180 | 0.49 | 178 | 0.37 
6A | Same as No. 6 864 | 0.654 
1or4 | 0.574 
13904 | 0.424 
176¢ | 0.354 


OF DRILLING FLUIDS 


TABLE 3.—(Continued) 


ple Treatment Resis- ~ | Resis- 
No. pera- | tivity, era- | tivity, 
be ©) | Meter- ee Meter- 

C 8: | ohms = ohms 


WILMINGTON SLOUGH MupD AND FILTRATES® 


I None 80 | 0.95 80 | 0.88 
Ioo | 0.76 | Ior 0.70 

140 | 0.57 | 120 | 0.57 

178 | 0.46 | 178 | 0.40 

2 2 lb. per bbl. 82 | 0.75 8I 0.66 
sodium pyro- 98 | 0.65 | Ior | 0.52 
phosphate 136 | 0.48 | 120 | 0.44 

178 | 0.36 | 178 0.33 

3 2 lb. per bbl. 80 | 0.96 81 0.86 
quebracho Ior | 0.77 | 100 | 0.70 

139 | 0.57 II9 0.58 

182 | 0.47 180 0.39 

4 2 1b. per bbl. 80 | 0.79 80 | 0.70 
each sodium 103 | 0.64 | 100 | 0.57 
pyrophosphate 140 | 0.47 | 120 0.48 

and quebracho 178 | 0.37 | 180 0.33 

4A | Same as No. 4 812 | 0.644 
roo? | 0.544 

r19? | 0.454 

1804 | 0.32¢ 

5 5 lb. per bbl. 81 | 0.66 81 0.56 
each sodium] 100] 0.55 | Ior | 0.45 
pyrophosphate I40 | 0.37 | 120 0.40 

and quebracho 178 | 0.31 | 180 | 0.29 


“Mud density, 64.9 lb. per cu. ft. Filtrates ob- 
tained at 80°F. and roo lb. per sq. in. Chlorides in 
filtrates, 7 grains per gallon (expressed as sodium 
chloride). 

b ae held 12 hr. at 180°F. before tests were 
made. 

¢ Mud density, 85 lb. per cu. ft. Filtrates obtained 
at 80°F. and 100 lb. per sq. in. pressure. Chlorides in 
filtrate, 92 grains per gallon. 

@ Filtrate obtained at 180°F. and rooo lb. per sq. 
in. pressure. 

¢ Mud density, 69.6 lb. per cu. ft. Filtrates obtained 
at 80°F. and 100 lb. per sq. in. Chlorides in filtrate, 
290 grains per gallon. 


ANALYTICAL PROCEDURE 


The muds were handled in the laboratory 
in the generally accepted manner.!? The 
samples were strongly agitated by means 
of a Mixmaster type of stirrer just prior 
to the making of measurements. To 
expedite the tests, the samples were heated 
before agitation to the approximate tem- 
perature desired. In general, a mud was 
treated to the desired condition and was 
then tested at a series of temperatures. 
After agitation, the mud was placed in the 
cell and the upper electrode was inserted. 
At this point, great care was taken to see 
that all air was excluded from the cell. 
The cell was then brought to temperature 
equilibrium and a reading was obtained. 
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The process was repeated for other 
temperatures. 

The filtrates were obtained from the 
filter press mentioned, and by proper con- 
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graphically in Fig. 3. All five muds behaved 
in very much the same way and a change 
in temperature from 80°F. to 180°F. 
caused a decrease in resistivity to some- 
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trol were collected at any temperature 
desired. The liquid thus accumulated was 
placed in the small cell, brought to tem- 
perature in the bath, and tested. 


EXPERIMENTAL RESULTS 


The experiments may be arranged in 
groups as tests to determine the effect 
upon the resistivity of the mud and filtrate 
by: (xz) change of temperature, (2) chemical 
treatment, (3) increase in sodium chloride 
content, (4) addition of weighting material, 
and (5) contamination by cement and 
addition of counteracting reagents. 

Effect of Temperature Change.—The 
experimental data showing the relation 
_ between resistivity and temperature change 
are presented in Tables 3, 4 and 5, together 
with the data on chemical treatment. 
The effect of temperature on the resis- 
tivities of the various muds is given 


0 160 180 


TEMPERATURE °F. 
Fic, 3.—EFFECT OF TEMPERATURE UPON RESISTIVITY OF UNTREATED MUDS. 


what less than one half of the value at 80°F. 
This is better illustrated in Fig. 4, which 
shows the percentage reduction in the 
resistivity of the mud at 80°F. as a function 
of temperature. The percentage reduction 
in the resistivity with temperature is 
remarkably constant for the five muds. 

It was found that the filtrates behave in a 
manner very similar to that of the muds. 
In fact, with the exception of Aquagel 
and its filtrate, the figures for any par- 
ticular mud and filtrate are almost identi- 
cal. This is significant because it indicates 
that it can be assumed that if the properties 
of a given mud are known the properties 
of the filtrate penetrating the formation 
can be evaluated. In Fig. 5, the resistivity- 
temperature relations for a typical mud 
and for Aquagel are shown. The large 
deviation between the resistivities of 
Aquagel mud and filtrate are of interest. 
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TABLE 4.—Effect of Chemical Treatment on Resistivity 
McKirrrick Mup AND FILTRATES? 


Mud Filtrate 
rae Treatment Resis. Resis: 
€ esis- S1S- 
No Tem- tivity, Tem- tivity, 
: pH |perature, Metars pH |perature, Meter: 
Deg. F. Deg. F. 
ohms ohms 
I None 9.0 82 Sax 8.5 80 3.0 
99 2.5 98 as 
138 1.8 136 1.8 
177 1.4 175 1.3 
2  -|21b. per bbl. sodium pyrophosphate 9.8 83 1.6 9-4 86 t.3 
09 1.3 102 Lea 
136 0.94 142 0.79 
177 0.74 174 0.64 : 
3 2 1b. per bbl. quebracho 8.4 83 2.7 82 25 
98 222 106 2.0 
138 1.6 134 LE 
176 1.2 173 1 
4 2 lb. per bbl. each sodium pyrophosphate 8.8 82 1.6 8.3 86 I.4 
100 253 104 1.2 
139 0.92 140 0.83 
176 0.73 166 0.67 
4A> | Same as No. 4 83 1.6 84 I.4 
100 a | 98 5a | 
5 lb. per bbl. each sodium pyrophosphate and | 9.0 83 0.94 Sis 83 0.72 
quebracho 98 0.79 106 0.55 
138 0.58 133 0.43 
171 0.34 


@ Mud density, 80 lb. per cu. ft. Filtrates obtained at 80°F. and roo lb. per sq. in. pressure. Chlorides in 
filtrate, 14.4 grains per gal. (expressed as sodium chloride). 
> Sample eld 12 hr. at 180°F. before tests were made. 


TABLE 5.—Effect of Chemical Treatment on Resistivity 
Oxo Mop AnD FILTRATES? 


Filtrate 
eau Treatment 5 Resis- Tem- Resis- 
erature tivity, erature tivity, 
a pe re Meter- Ne FR. Meter- 
Mea Cc. 8: ohms 8. ohms 
I None 6.1 81 S. 
4.5 100 4. 
3-4 140 a 
2.7 180 2 
tA> | None 2.7 
2 2 1b. per bbl. sodium pyrophosphate 4.3 80 
3.2 99 
2.4 
I.9 
3 2 lb. per bbl. quebracho 5.4 
4.2 
3.0 
2.3 
4 2 |b. 2 ig bbl. each sodium pyrophosphate and 3.8 
quebracho 2.9 
2.2 
Is? 


4A Same as No. 4 


5* 5 lb. per bbl. each sodium pyrophosphate and 
quebracho 


rere Oe ou Sine 


* Mud density, 75.7 lb. per cu. ft. Filtrates obtained at 80°F. and 100 Ib. per sq. in. Chlorides in filtrate, 
15. 4 grains per gallon. 

Sample held at 180°F. 12 hr. before tests were made. 

e Filtrates obtained at 180°F. and rooo lb. per sq. inch. 
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Aquagel is a product that is essentially 
composed of the one material, bentonite. 
When bentonite is dispersed in water, a 
very fine colloidal suspension is formed. 


METER- OHMS 


RESISTIVITY — 
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of the colloidal particles themselves— 
cataphoresis. Thus, a high colloid content 
would tend to reduce the resistivity of a 
suspension with respect to its filtrate. 


AMOUNT OF CHEM/CAL ADDED 
Z8S. EACH OF SOD/UM PYROPHOSPHATE AND QUEBRACHO 
PER BARREL OF MUO 


Fic. 6.—EFFECT OF CHEMICAL TREATMENT UPON MUD RESISTIVITY AT 80°F. 


With a mud of this nature, the high 
resistivity of the filtrate in relation to 
that of the mud may result from the 
combination of several factors: (1) the 
concentration of salts in the filtrate is 
very low and with the relatively large 
amount of colloidal material in the mud, 
considerable absorption of inorganic ions 
must take place; which would tend to 
raise the resistivity of the filtrate relative 
to that of the mud; (2) the fact has been 
demonstrated that there exists an appre- 
ciable surface conductivity on solid par- 
ticles in aqueous suspension, which becomes 
pronounced as the particle size is reduced; 
(3) there may also be an actual migration 


Changes in Resistivity Resulting from 
Chemical Treatment.—The results obtained 
from the chemical treatment of the muds 
are given in Tables 3 to 5. The change 
in mud resistivity with addition of chem- 
ical at 80°F. is shown in Fig. 6. The 
data represent changes resulting from the 
addition of equal amounts of each of 
sodium pyrophosphate and quebracho. 
Since the effect of the quebracho on the 
resistivity is virtually negligible, the data 
shown represent the effect of the sodium 
pyrophosphate. All of the muds show a 
decrease in resistivity with an increase in 
amount of chemical used. This is to be 
expected with such a strong electrolyte 
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TABLE 6.—Effect of Sodium Chloride on Resistivity 
ene a ee a 


Mud Filtrates¢ 
Sam- Filter . c 
ple Treatment Wt., Rate / Temper- nae Temper- rt vey, 
No. pH a per si ature, | meter | PH | ature, Meee 
u. Ft. ae Deg. F. |’ Chins Deg. Hae opens 
AQuAGEL Mup AND FILTRATES 
I None 9.2 aa 80 7.6 9.0 83 10.2 
100 6.5 98 8.2 
ee 4.6 138 6.1 
180 ; 178 a} 
2 0.15 lb. per bbl. NaCl (25.6 grains | 8.9 4.6 80 see 8.7 b2 gis 
per gal. water in mud) 100 4.0 103 4-9 
Es 2.9 #48 3-4 
180 2.2 180 2p 
3 0.30 lb. per bbl. NaCl (51.2 grains | 8.7 5.0 80 303 8.5 82 ae 
per gal. water in mud) 104 2.6 I00 3.2 
140 a8 138 2.4 
180 Tr 176 1.8 
4 0.58 lb. per bbl. NaCl (09 grains | 8.5 5.2 81 2.4 8.3 83 Bras 
per gal. water in mud) to2 I.9 I02 2.0 
I40 T'5, 138 I.4 
180 I.I 174 £.1 
5 1.17 1b. per bbl. NaCl (200 grains | 8.4 6.0 80 caw. 8.0 84 is) 
per gal. water in mud) Too rg 99 I.2 
140 0.87 140 0.77 
180 0.68 
6 3.0 lb. per bbl. NaCl (512 grains | 8.4 6.8 81 0.71 7.8 83 0.56 
per gal. water in mud) 100 0.60 102 0.48 
I40 0.48 I40 0.35 
McKittrick Mup AND FILTRATES 
I None 9.0 80 er 8 85 2.8 
, 99 2.5 104 eye 
2 0.15 lb. per bbl. NaCl (30 grains | 9.8 80 Pes 9 82 Bok 
per gal. water in mud) 105 2.0 102 Tay 
138 Is 139 i age 
3 179 © sit 178 0.88 
3 0.3 Ib. per bbl. NaCl (60 grains] 9.4 81 232 9.0 84 1.8 
per gal. water in mud) 99 1.8 103 1.4 
138 rg 135 0.98 
178 0.96 176 0.78 
3A® | Same as No. 3 84 Man 86 ays 
I0r E37 100 as 
4 0.58 lb. per bbl. NaCl (116 grains | 8.7 82 T.6 8.2 84 hee 
per gal. water in mud) 100 Tos 104 Tei 
138 0.95 140 Oz 
176 0.75 178 0.57 
5 1.17 lb. per bbl. NaCl (234 grains | 9.0 83 Bat ce 8.4 86 0.83 
per gal. water in mud) I00 0.94 I03 0.71 
138 0.70 I40 0.51 
180 0.57 
Oxo Mup AND FILTRATES 
I None 8.7 Fay 5.3 82 6. 8.4 Say 
IOI 4. 4.4 
140 32 3.2 
180 Ee 2.4 
2 0.15 lb. per bbl. NaCl (28.6 grains | 8.7 87.3 6.0 83 3 3-4 
per gal. water in mud . 100 ie 3.0 
143 Rs 2.5 
181 Fs 1.6 
3 0.30 1b, per bbl. NaCl (57.3 grains | 8.7 86.5 7pow3 83 3 2.8 
per gal. water in mud) 98 2. 2.2 
136 i 1.3 
180 ils Ty2 
4 0.58 1b. per bbl. NaCl (111 grains] 8.5 84.8 7.8 83 ai I.9 
per gal. water in mud) IOI i 1.6 
136 rs I.2 
180 Ie 0.86 
; 1.17 lb. per bbl. NaCl (224 grains | 8.3 83.2 8.0 81 Is tee 
2 per gal. water in mud) 98 2 0.96 
137 oO. 0.70 
180 oO. 0.53 
6 3-01 lb. per bbl. NaCl (575 grains | 8.1 81.1 Ter 80 oO. 0.55 
/ per gal. water in mud 99 oO. 0.47 
138 oO. 0.35 
oO. 0.30 


2 Filtrates obtained at 80°F. and 100 Ib. per sq. in. pressure. 
’ Sample Held 12 hr. at 180°F. before tests were made. 
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as sodium pyrophosphate. While all of the 
muds tested show this inverse relation 
between resistivity and chemical treat- 
ment, there is no uniformity of manner in 
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Effect of Sodium Chloride.—In_ the 
drilling of a well to a deep producing 
interval, numerous zones bearing waters 


high in salt concentration are frequently 
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Fic. 7.—EFFECT OF SODIUM CHLORIDE UPON MUD RESISTIVITY AT 80°F. 


which they respond. Thus, it would not be 
possible to infer reliably the response of 
another mud from the reaction of the 
muds tested, as might be done with the 
resistivity-temperature relation. 

As indicated by the data, the behavior 
of the filtrate is even more nonuniform 
than that of the corresponding muds. 
Although there is a general decrease in 
resistivity with increase in amount of 
chemical used, the rate of change of this 
function varies exceedingly for the different 
filtrates. Just how this variation is related 
to what must be an extremely complex 
condition, the state of the colloidal system 
at the time the filtrate was extracted, has 
not been determined, 


encountered before the desired oil zone is 
reached. Thus, in the drilling of these 
intervals, the mud sometimes undergoes 
a change in salt concentration. Almost 
universally, the sodium chloride of these 
waters far exceeds in quantity the other 
salts present. Because of this great pre- 
ponderance of sodium chloride, and because 
native muds differ so markedly in their 
sodium chloride contents, a series of 
tests was made to establish the effect 
of this salt upon the resistivities of Aquagel, 
McKittrick and Oxo muds and their 
filtrates. The experimental results are given 
in Table 6. The change in resistivity with 
change in sodium ehloride concentration 
at a temperature of 80°F. is shown in Fig. 7. 
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A marked decrease in resistivity with 
increase in sodium chloride occurs. All 
three of the muds thus tested were low 
originally in sodium chloride content, as 
was noted in Table 1. The fact is of con- 
siderable significance that, when enough 
salt is added to any of these muds to cause 
its sodium chloride content to approach 
that of either of the other two more highly 
saline muds, the resistivity approaches 
closely the resistivity of the more saline 
muds. Thus, it becomes apparent, at least 
for the cases studied, that the resistivity 
of an untreated native mud is largely a 
function of its salinity. 

-The change in filtrate resistivity with 
salinity is very similar to that of the 
- corresponding muds but it must be noted 
that, at the salinities higher than roo grains 
per gallon, the filtrate resistivities decrease 
at a slightly greater rate with increased 
sodium chloride concentration than do 
those of the muds themselves. 

Changes in Mud Resistivity Resulting 
from Addition of Weight Material.—The 
occurrence of quantities of gas or excessive 
pressure is encountered frequently during 
the drilling of a well. Under these circum- 
stances, the addition of some heavy inert 
material to the mud to increase its density 
is common. The materials used most fre- 
quently at present in California are Baroid 
(essentially barium sulphate) and lime- 
stone. The addition of either one of these 
to the mud tested resulted in a slight but 
steady increase in resistivity. The data 
indicate that the change in resistivity with 
increase in amount of heavy material is 
almost linear. The complete data pertaining 
to the addition of weighting material are 
given in Table 7. 

Effect of Cement and Sodium Bicarbonate 
upon Resistivity—The circumstances of 
present-day well-completion practice often 
result in the contamination of drilling mud 
by cement shortly before an electric log is 
made of the interval to be produced. 
Cement generally makes very important 
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changes in the performance characteristics 
of muds. Therefore, it is common ‘practice 
to treat cement-contaminated mud with 
sodium bicarbonate to restore it, as nearly 
as possible, to its original condition. The 
effect of both cement and sodium bicar- 
bonate upon the resistivity of McKittrick 
mud was studied. The results of the 
investigation are presented in Table 8. 
Both Portland cement and sodium bicar- 
bonate produce a decrease in mud resis- 
tivity. The proportions of cement and 
reagent used for the treatment of the mud 
during these experiments are approxi- 
mately those encountered in ordinary field 
operations. 


TABLE 7.—Effect of Baroid and Limestone 
on Resistivity of McKittrick Mud 


Resis- 

tivity, 

Meter- 
ohms 


Weight, | Tem- 
Lb. per |perature, 
Cu. Ft. | Deg. F. 


Treatment 


NOTICE). Sih stays acai steecRers es 80 84 


56.2 lb. per bbl. CaCOs. 85 83 


197 lb. per bbl. CaCOs. 95 81 


40.2 lb. per bbl. BaSOu. 85 82 


127 lb. per bbl. BaSO... 95 85 
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Effect of Mud Resistivity on Electric 
Logs.—In an effort to establish the fact 
that the logs are influenced appreciably 
by the mud resistivity, a study was made 
of a number of logs taken in each of two 
fields where conditions were rather well 
known. In each case, a rather thick body 
(about 15 ft.) of sand that could be readily 
traced from log to log throughout the field 
was measured. The amplitude of the curve 
from the average shale line at the portion 
of the log studied was determined for 
both the normal resistivity (shallow pene- 
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TABLE 8.—Effect of Portland Cement on 
Resistivity of McKittrick Mud and Filtrates 


Mud Filtrate* 
Treatment Temas Raia CMa Paste 
pera- | tivity,| Pet | tivity, 
pH | ture, Meter- ae eter- 
ee ohms ia ohms 
INORG? ails ele 9.0 Srp 3.2 Ss 1-30 
F356): 2.0 I51 1.8 
144 lb. per bbl 
coments sides sei 10.1 82 | 3.0 86 | 3.2 
139 | 1.9 ESS 2 
3 lb. per bbl. ce- 
MOTMb sco ete Viele II.0 84 | 2.2 88 | 2.0 
735 |isg 736.) 2.3 
4g lb. per bbl. | 9.5 80 | 2.7 81 | 2.9 
each cement TATU LT. O bats i a) 
and NaHCOs 
3 lb. per bbl. each |10.5 S203 82 | 0.98 
cement and I4I | 0.77 138 | 0.57 
NaHCOs 


@ Filtrates obtained at 80°F. and 100 lb. per sq. in. 


tration) curve and the natural potential 
curve. These values were plotted against 
the resistivity of the mud present in the 
well bore at the time of logging. The 
resistivities were reduced to a common 
temperature of 80°F. by means of the 
data reported above. A relationship that 
established the trend of the change in 
amplitude with mud resistivity was ob- 
tained by the method of least squares. 
The graph resulting from the plotting of 
the deflection of the normal curve as a 
function of mud resistivity for the same 
section of the logs of 25 wells in a given 
field is shown in Fig. 8. Similar data for 
wells in another field are presented in Fig. 
9. The deflection was measured by ascer- 
taining the average position of the curve 
opposite the sand interval relative to a 
line drawn through the average shale 
position. It is evident from the spread 
of the data that many factors other than 
mud resistivity, which could not readily 
be evaluated, affect the amplitude of the 
logs. However, that there is a definite 
relation between mud resistivity and the 
amplitude is evidenced by the trend. 

_ It was possible, during the study, to 
obtain data on two wells in which duplicate 
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logs had been run for conditions of different 
mud resistivities. These showed rather 
markedly that the log is to an appreciable 
measure a function of the mud resistivity. 
These data are represented by the curves 
for well A and well B on Fig. 8. Data of a 


similar nature have been presented by ~ 


M. C. Bowsky,14 showing that for a well in 
Louisiana in which five logs were made over 
a two-weeks period the mud resistivity 
was successively 3.15, 2.44, I-79, 0.90, 
0.34 meter-ohms at 106°F. Bowsky found 
that when the same section was compared 
on each log, the relative intensities of the 
normal curve were 8.0, 4.0, 2.45, 1.4 and 
1.0. This represents an eightfold change 
in the amplitude of the normal curve for 
the range in mud resistivity encountered. 
In like manner, Bowsky found that the 
natural or self-potential curve was three 
times as sensitive in the mud having the 
highest resistivity as it was for the mud 
with lower resistivity. 

In keeping with the findings of Mr. 
Bowsky, an analysis of the same section 
of 25 logs taken in the same field showed 
an average variation in the amplitude 
of the self-potential curve from 10 to 35 
millivolts for a sixteen-fold change in 
mud resistivity, with as high as a two and 
four-tenths fold change per meter-ohm in 
amplitude for the change in mud resistivity 
encountered in an individual well with 
duplicate logs. These data are presented in 
Fig. 10. The average curve was obtained 
by the method of least squares. 

As a striking example of the magnitude 
of the effect that mud resistivity can 
produce upon a log, there is shown in Fig. 
Ir a portion of a curve from a well logged 
under widely differing mud conditions. 
In the case illustrated, the well was drilled 
with a mud for which the make-up water 
was taken from the producing formation 
of an adjacent well. When the log was run 
in this highly saline mud, the resistivity of 
which was o.8 meter-ohm at surface 
temperature, no deflection of the self- 
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potential curve was obtained. The follow- 
ing day the mud was replaced by mud 
having a resistivity of 2.0 meter-ohms and 
a second log was run. As can be seen in the 
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characteristics that influence electric logs. 
Given sufficient information about each 
factor, it should be possible to interpret 
properly the electrical record, not only in 


Fic, 8.—EFFECT OF MUD RESISTIVITY ON AMPLITUDE OF NORMAL CURVE ABOVE SHALE LINE. 


right-hand portion of the illustration, a 
very much improved log was obtained. 


APPLICATION OF RESULTS OF THIS 
INVESTIGATION TO FIELD PRACTICE 


That the resistivity of drillling muds, 
and hence the effect produced by the mud 
upon electric logs, are profoundly altered 
by various treatments given to drilling 
fluids under conditions existing in modern 
field practice, has been amply demon- 
strated in the foregoing pages. The fact 
is emphasized that the data presented 
herein do not by any means provide all 
of the information necessary for the com- 
plete interpretation of electric logs. Rather, 
they represent the material necessary to 
partly evaluate only one of the many 
factors that influence the logs. Petroleum 
technologists for some time have been 
gathering material relative to many of 
the other factors such as porosity, permea- 
bility, fluid content, and other formation 


terms of rock type but also in terms of the 
content of its interstices. It is believed, 
therefore, that the proper interpretation 
of electric logs will be enhanced by a 
knowledge of such data as have been ob- 
tained in this investigation. 

At present no provision is made in the 
routine field testing of drilling fluid to 
determine the resistivities of the mud used. 
Furthermore, the results of the tests listed 
above indicate fairly conclusively that 
the only reliable method for predicting and 
interpreting the effect of drilling muds 
and their filtrates on electric logs is to 
make, among other things, resistivity 
measurements on muds actually used in 
drilling wells and apply temperature cor- 
rections from data such as those reported 
in this investigation. 

_ The apparatus used for these determina- 
tions, as stated earlier, is strong, inexpen- 
sive, and simple to operate. Furthermore, 
the time necessary for making a test is 


218 FACTORS INFLUENCING RESISTIVITY OF DRILLING FLUIDS 


only three or four minutes. It is believed, more than a year, in the routine analysis of 
therefore, that the results to be obtained drilling muds. 


from the routine use of such apparatus will 
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The studies made upon the logs indicate 
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fully justify the necessary cost in increased 
value obtained from electric logs. Such a 
device has been used successfully by the 
Union Oil Company of California for 


definitely that all the readily available 
information that might have a_ bearing 
upon the interpretation of logs should be 
obtained with the log at the time of its 
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taking. For example, many of the logs 
available for the studies mentioned herein 
could not be used because no temperature 
value was given for the mud-resistivity 
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a well has been briefly discussed. The fact 
that the resistivity of the drilling mud and 
its filtrate can appreciably affect such 
logs has been shown, 


SELF POTENTIAL 
Mupb RESISTIVITY = 2.0 2.m 


50 millivolts 
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measurement. Even today, many logs 
lack this essential piece of information. 

If the logs are not to be used just as a 
means of attacking today’s problems, but 
as a foundation for greater utilization of 
tomorrow’s logs, a concerted effort should 
be made -throughout the industry to 
associate with the logs being made today 
the information that may later prove to be 
the key to the solution of the problem, even 
though such information may have little 
present-day application. 


SUMMARY AND CONCLUSIONS 


The relation between the properties of 
electric logs and the fluid used in drilling 


Apparatus was designed and a procedure 
established to determine the effect of 
various factors on the resistivity of drilling 
mud. Five muds commonly employed in 
California were tested and the following 
observations were made: 

1. The effect of raising the temperature 
from 80°F. to 180°F. is to decrease the 
resistivity of the mud or filtrate approxi- 
mately so per cent. This appears to be 
roughly true for chemically treated muds 
as well as native muds. 

2. The resistivity of the mud in most 
cases closely approximates that of its 
filtrate; therefore, the determination of the 
resistivity of a mud used in a well usually 
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will provide a reliable picture of the 
resistivity of the filtrate that will be forced 
into the formation from the mud. 

3. The change in the resistivities of 
muds caused by the addition of chemical 
is not the same function of the amount of 
chemical added for each mud. Electrolytes 
used in mud treatment lower resistivity 
and, therefore, tend to decrease the sensi- 
tivity of electric logs. Nonelectrolytes, such 
as quebracho, have little effect. 

4. The effect produced by increased 
sodium chloride content is to reduce 
markedly the resistivity of the mud and its 
filtrate. The fact was noted that when 
enough sodium chloride was added to a 
mud low in salt content so that its resulting 
salinity approached that of a more saline 
native mud, the resistivity of the mud so 
treated approached very closely that of 
the saltier mud. This indicates that a 
knowledge of the chloride content of a 
native mud will often enable the rough 
evaluation of its resistivity. 

5. Weighting materials, such as Baroid 
and limestone, tend to increase the resis- 
tivity of drilling mud. 

6. Cement and sodium bicarbonate used 
in treating the mud for cement contamina- 
tion cause reduced mud resistivity. 

7. Statistical data, and a few individual 
tests obtained under field conditions, amply 
demonstrate the importance of the mud 
resistivity in its affect on electric logging, 
and point to the need for further control 
in the field. 

The fact is recognized that the material 
presented herein represents only a recon- 
naissance of the problem investigated, and 
that further and more detailed study could 
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profitably be made. It is hoped, therefore, 
that this brief study will stimulate further 
investigation. 
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Chapter III. Petroleum Economics 


Some Factors in the Economics of Recycling 


By Empy Kayr* 


(New York Meeting, February 1941) 


It is the purpose of this paper to outline 
briefly some of the considerations that enter 
into the economics of so-called recycling, 
the generic designation of the relatively 
recently developed process by which a 
condensatet is separated from gas-distillate 
gas at high pressure and the residual gas 
returned to the reservoir. This subject 
necessarily embraces not only a discussion 
of factors that should be considered in 
projecting a recycling operation, such as 
estimating reserves, investment and oper- 
ating costs, but also a comparison of con- 
- densate with other types of petroleum. The 
place of condensate in its relation to the 
total supply of crude oil is pointed out 
as well as certain logical methods of 
product disposal. The cost of drilling wells 
_and lease maintenance is not pertinent to 

this discussion because income and revenue 

are in this paper confined to that retained 

by the plant or plant operator for supplying 
_ processing facilities for the gas. 

Before the development of recycling a 
great many gas-distillate gas fields in 
Louisiana and Texas provided no income 
to their owners. When gas was sold from 
these reservoirs it was accompanied by 
-irretrievable losses of condensate in the 
- formation. The understanding of the func- 
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+ Distillate and condensate are used inter- 


 changeably in the industry and will be so used 
here. The writer likes to refer to distillate in 
the reservoir and condensate when it has been 
reduced to a liquid on the surface. 


tion of retrograde condensation resulted in 
the introduction of a new commercial 
petroleum recovery process for these 
hitherto unexploited fields and now permits 
the conditioning of this type of wet gas 
field for the sale of dry gas therefrom with- 
out waste. 


Some Economic Factors 


The study of a gas-distillate field for 
possible exploitation necessarily involves 
the critical appraisal of a number of ele- 
ments, chief of which will be discussed here: 
(1) estimate of distillate in place, (2) esti- 
mate of distillate that can be brought to the 
surface, (3) available market, (4) costs. 

The considerations affecting the esti- 
mating of distillate reserves in place are in 
the main subject to the same errors as are 
involved in determining dry gas reserves. 
Determinable data including acreage, sand 
thickness, reservoir pressure, reservoir tem- 
perature, porosity and connate water pro- 
vide the basis for calculating the volume 
of gas in place. Ample allowance must be 
made for connate water, which may occupy 
from 20 to 35 per cent of the pore space 
of the sand. The factor of supercom- 
pressibility is to a considerable extent nulli- 
fied by the reservoir temperature. It has 
been considered well advised to allow this 
factor to serve as a cushion. With the gas 
reserves calculated, it remains only to assay 
the distillate content of the gas. 

Those familiar with the handling of 
“wet”? gas at high pressure readily appreci- 
ate the variables in sampling gas from 


221 


222 


distillate wells that may make the determi- 
nations of little value. First and foremost 
is, of course, the necessity for getting the 
well stabilized before the gas is sampled. 
The well should be allowed to flow at a rate 
approximately that at which it would flow 
if produced as part of the recycling project, 
and it should flow until the temperature 
at the well head ceases to change. The 
condensate accumulated in the separator 
is measured against the separated gas. A 
portion of this gas is passed through a 
charcoal tube or collected for laboratory 
analysis. The total gas-free condensate is 
then applied to the volume of gas passed 
through the separator during the test. A 
detailed method of sampling appears in the 
Appendix of this paper. 

No one determination for a recycling 
project is as difficult to make, and is as 
uncertain when made, as is the estimate of 
what portion of the wet gas reserves may 
be brought to the surface for processing 
there, before dilution or mixing with dry 
gas makes the operation uneconomical. 
Earlier concepts of a 90 per cent or even an 
85 per cent recovery factor must be revised 
downward save where the formations are 
extraordinarily uniform and regular and 
the field long and narrow—most unusual 
cases. 

It is believed that essentially the injected 
gas travels en masse. Swearingen! has indi- 
cated graphically, by the use of electrical 
models, the direction of flow caused by the 
displacement of the wet gas by the injected 
dry gas. This work is substantially the same 
as eatlier analyses of secondary water 
floods by Wyckoff.? In Swearingen models, 
a layer of electrolyte whose ion content 
represents the gas content of the sand re- 
sponds to potential differences in exactly 
the same manner in which gas in the for- 
mation responds to pressure differences. 
His now familiar work provides a means 
for determining constants representing 
areas displaced by dry gas for different 
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types of well patterns. In light of this work, . 
to a great extent confirmed by the per- i 
formance record of several dozen output — 
wells that have become dry or partly dry © 
since the original paper was written, most — 
of the projects will do well to show ulti- | 
mately a recovery factor of 60 to 70 per 
cent. But even the further proving of the 
Swearingen method will leave much to be 
desired in accurately forecasting the re- 
covery factor in the average field. Shale 
breaks, radical variations in permeability 
and porosity and sharp differences in sand 
thickness doubtless will vary the actual 
shape of the gas travel as against the pat- 
tern on the electrical model. Nevertheless, 
the method is useful as a check and is 
particularly helpful in suggesting the most 
desirable well pattern and the location of 
input wells to the end that the highest pro- — 
duction of virgin gas may be obtained. 

Too much emphasis cannot be placed 
upon the necessity for calculating reserves 
conservatively. If the geologist in reading 
the Schlumberger calls a sand from the 
beginning of the kick to the end and in- 
cludes every foot of even the tightest sand, 
there is likely to be an overestimate of 
reserves in place and this will be com- 
pounded when the recoverable reserves are 
calculated. 

The efficiency of aboveground extraction 
of distillate may be discounted. This is a 
function of plant design and operating 
pressure and may vary from go to 99+ per 
cent of the pentanes and heavier and up to 
80 per cent of the butane. But there is 
another variable in estimating the con- 
densate-recovery factor. Whether the ulti- 
mate distillate recovery will be in 
proportion to the wet gas recovered and 
the original liquid content of the gas, will 
depend upon whether or not substantially 
original reservoir pressures are to be main- 
tained until the recycling project has been 
completed. Condensate is a vapor above 
the dew point. If the pressure is reduced in 
the reservoir by withdrawal of gas to a 
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point below the dew point, a part of the 
condensate will be liquefied and remain lost 
in the sand. This pressure drop can be 
calculated and the diminution in content 
accurately determined. Several examples of 
such losses may be cited. 

Patten? has shown that the drop in 
pressure at La Blanca from 4900 to 3800 lb. 
resulted in a diminution of the distillate 
content of the gas from 18 to 9 bbl. per 
million cubic feet, or 50 per cent of the 
original reserves. The rest was condensed 
in the sand by retrograde condensation and 
made unrecoverable. Incidentally, a further 
drop in reservoir pressure to 2180 lb. re- 
duced the condensate content to 2.6 bbl. 
per million cubic feet of gas. On the basis of 
total reserves of one trillion, three hundred 
billion cubic feet of gas estimated for the 
gas cap of the Turner Valley field the 
naphtha content in the gas has dropped 
from 1.5 to 0.37 gal. per tooo cu. ft. of gas 
as a result of the loss of reservoir pressure. 
By assuming an average yield of o.9 gal. 
and a loss of 0.56 gal. per 1000 cu. ft. of 
gas, we arrive at a loss of 728 million 
gallons, or over 17 million three hundred 
thousand barrels worth possibly thirty-five 
million dollars ($35,000,000) in that area. 

As has been indicated in the preceding 
paragraph, present recovery methods are 
highly efficient in extraction and are prac- 
ticed without excessive gas loss or reservoir- 
pressure depletion except where the gas is 
exceedingly rich. Extraction pressures up 
to approximately 2000 lb. per sq. in. have 
_ been observed and higher pressures are 
indicated. Three primary methods are used 
and have been extensively described in the 
literature.® They may be differentiated 
as follows: (1) mechanical refrigeration and 
retrograde process, (2) regenerative cooling 
and retrograde method, and (3) absorption 
processes operating at high pressures. 

In some plants combinations of these 
methods have been employed. Each method 
has its place or may be preferred by a 
particular designer for a specific situation. 
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The character of the gas or the nature of 
the product desired, or both, may often 
control the choice. Whatever the separa- 
tion process, the processed gas is com- 
pressed and returned to the formation. 


PLANT SIZE AND INVESTMENT 


Many considerations enter into the size 
of the plant to be built. They are important 
in the order listed: (1) extent of reserves, 
(2) gas market, (3) cost of production and 
(4) condensate market. If the reserves are 
exceedingly large, a size of plant that will 
cost the lowest per unit of capacity and 
will be lowest in the cost of production 
should be considered. These cost factors 
indicate a size of the order of seventy-five 
million cubic feet per day. Beyond this the 
per unit cost does not decrease appreciably. 
(See Appendix, Costs.) 

The smallest plant of economic size 
must absorb the cost of camp, preparation 
of plant site, minimum loading facilities, 
minimum power plant, lighting system, 
instrumentation and controls, certain build- 
ings, water facilities, sewage, fence, labora- 
tory, office, dwellings, minimum storage, 
repair facilities, warehouse, ethyl blending 
plant (if motor fuels are to be produced), 
transportation facilities and gas-gathering 
system, and other items. These facilities 
may vary in cost according to the location 
of the plant and the taste of the operator. 
As little as $75,000 and as much as $150,000 
may be expended for them for a plant hav- 
ing a capacity of twenty-five million cubic 
feet, which is considered as small, a plant 
as is feasible for processing gas of approxi- 
mately one gallon content per 1000 cu. ft. 
At least this amount can be saved by 
doubling the plant capacity. There is obvi- 
ously not the same saving in increasing the 
projected size from fifty million to seventy 
five million or one hundred million cubic 
feet. The major saving is in the initial 
increase from a nominal size. Other items 
of the plant, such as vessels and exchangers, 
tend to increase in cost per unit of volume 
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after a certain capacity has been reached. 
Increases beyond this, then, represent 
unchanging unit costs. Similarly, the cost 
of compression machinery does not decrease 
after the economic size of compressor has 
been reached. 

Plants built to date have cost from $8 to 
$13 per rooo cu. ft., or from $8 to $13 per 
gallon of condensate. Under normal condi- 
tions, $11 per 1000 cu. ft. should, with wells 
of average size, cover the ordinary cost of 
an efficiently operable plant of fifty million 
cubic feet capacity, designed for a field 
having a reservoir pressure of 3000 pounds. 

Assuming a reserve of three hundred 
billion cubic feet of gas of one gallon per 
thousand content, it would be difficult to 
find any justification from a profit stand- 
point alone for a 7-year exhaustion of 
the recoverable reserves with a plant of 
seventy-five million cubic feet capacity 
against a 10-year exhaustion of the reserves 
with a plant of fifty million cubic feet 
capacity. The smaller plant, within a safe 
economic range, will, by reason of the 
lower investment, reduce the hazard 
against premature drying up of the wells, 
and after the payout will permit a longer 
profitable operating life for the project if 
wet gas continues to be produced for the 
full projected life of the plant. A plant 
should be projected to pay out the invest- 
ment in from 2}4 to 344 years and allow 
at least an additional 5 years of profitable 
operation. There are situations, with very 
large reserves, where, of course, longer 
payouts are justified. There are also excep- 
tional cases where more rapid exhaustion of 
reserves is warranted. One such case will be 
illustrated. 

The reservoir from which gas is taken 
and a maximum not returned thereto, by 
reason either of gas lost with production of 
crude oil from the same or a mechanically 
connected sand, or by disposal as fuel, re- 
quires exceptional treatment. Where there 
is a market for gas, such gas is with few 
exceptions worth considerably more than 
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the condensate content of the gas where 


the content is of the order of one gallon per 
tooo cu. ft. of gas. The diminution in 
condensate content in the gas, which would 
result from the drop in pressure and conse- 
quent retrograde condensation in the 
reservoir caused by these permanent gas 
withdrawals, therefore, justifies as rapid 
an exhaustion of the condensate by re- 
cycling as the recoverable reserves and the 
cost of the plant will permit. But there is 
no compromising with the principle that 
gas should not be permanently removed 
from a reservoir concomitant with recycling 
if a loss in ultimate production of distillate 
is to be avoided. On the contrary, there is 
at least one case where gas is being taken 
from a reservoir although the writer has 
strongly urged the wisdom of borrowing 
gas from a utility company to make up for 
the high shrinkage due to the condensation 
of the heavier fractions and solution gas 
withdrawn with the rich condensate. The 
drop of reservoir pressure in this field is 
translating itself increasingly into a perma- 
nent and absolute loss of condensate. With- 
holding gas sales until the condensate is 
recovered from the reservoir does not mean 
that the income from gas sales would be 
lost. It would only be deferred, and when 
the gas was sold, in this particular case, it 
would probably be sold at a higher price 
unless important gas reserves were dis- 
covered in the general area. 


OPERATING COST 


Costs per unit of capacity vary with the 
reservoir pressure, the condensate content 
of the gas, extraction efficiency embraced 
in the design, gas capacity of the wells and 
the character of the condensate. Cost of 
production per gallon is affected by sub- 
stantially the same factors, particularly by 
the richness of the gas and by the per- 
centage of production or value thereof paid 
to the producer of the gas or allocated to 
the lease from which it is produced. Of 
course, the realizable value also affects the 


ee ae ae 


EMBY KAYE 


cost. The direct operating costs per gallon, 
exclusive of raw material, are comparable 
to costs of manufacturing natural gasoline 
in plants of equal capacity. Depreciation 
ought to be calculated on a short-term 
basis because of the uncertainties attending 
the determination of the life of the project. 
Gas costs generally are higher than those 
in the natural gasoline industry because 
the percentage of the value of the product 
paid to the gas producer or allocated to 
the lease is higher—as much as three to 
four times in the case of the leaner gases. 
Unlike the schedules in the natural gasoline 
industry, the producer’s share in the 
- realization is fixed as a percentage thereof 
without regard to the condensate content 
or the price received for the product. The 
marked difference in price is unwarranted 
‘and reflects the opinion of some of the 
earlier bidders for gas, who looked at 
recycling as a bonanza. 
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CONDENSATE vs. NATURAL GASOLINE AND 
REFINERY GASOLINE 


A brief explanation might be made here 
regarding the difference between the char- 
acteristics and the value of condensate, 
natural gasoline and refinery gasoline. This 
comparison can be facilitated by setting 
out the characteristics of a number of 
typical condensates (Table 1). It should be 
noted that up to this time only one 
field has been observed to produce a 
condensate of type 3 (Table 1), which so 
nearly approximates the more volatile 
grades of natural gasoline. Typical con- 
densates are composed essentially of hydro- 
carbons boiling within the motor-fuel range 
with varying percentages of natural gaso- 
line and kerosene distillate. Condensates 1, 
2 and 4 as analyzed here do not include the 
natural gasoline fractions, which would 


TABLE 1.—Characteristics of Typical Condensates 


I 2 3 4 
64.1 55.2 83.0 61.7 
Negative Negative Negative Negative 
Water White 22 30 20 
Sweet Sweet Sweet Sweet 
Beige rs DeriCemtsiayate lam ata em\e ae ny ete sis crele eters 0.01 0.0 0.00 0.01 
Copper ich 38 SIC ASAE CA EACE SERIO ELA are Negative Negative Negative Negative 


EM OAUTOA Ol ihor sarsyarecsetersteressiecarde els aeler a eeisvals 6 96 94 66 95 
OMICEECOIE sole citar teveiele chriniecoierepsusl cue) gue) ave eens et, 0 144 166 81 156 
POMOC: COM Usa sieisv« a ensvths cud Sle, uvapa obs se eteelelb lake 179 192 92 I8L 
30 per cent 215 217 106 200 
40 per cent 248 237 124 220 
50 per cent 282 260 145 238 
60 per cent 321 294 170 244 
70 per cent 374 336 199 291 
80 per cent 441 400 234 ee 
90 per cent 544 490 203 408 
ITGRDOLUICe sere eee erate eee eldiaiere ti sein a nities 606 568 385 49 
RECOVELYs DEL CONC. fershale 6\s) oeieiei<ip eierele ce ore 94 O7 95 “ 5 
Residtew per icentinamieetelelets atic gietolelv ols lea 6/6 3 1.5 I x8 
MOBS pep CACO MU cla olen eds one oiol0.5;'5) otic le alia (alate inieyae lates 01/6 3 5 4.0 5 


represent from Io to 20 per cent of the total 
recoverable condensables in the gas. A 
composite condensate including the re- 
covered natural gasoline would be com- 
posed of approximately to per cent natural 
gasoline, 75 per cent motor fuel or naphtha 
and 15 per cent kerosene distillate. 


Cost figures shown in the Appendix for 
plants of several sizes range from $0.0031 
to $0.0054 per gallon exclusive of depreci- 
ation and raw material. With these items 
included the costs run from $0.0201 to 
$0.0246 per gallon when the condensate is 
worth $0.025 per gallon. 
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These data indicate that condensate is 
not a natural gasoline. Natural gasoline is 
utilized by the refiner, when he does not 
use it simply because it is a cheap source of 
motor fuel, chiefly for its volatility charac- 
teristics. To an extent it is used to improve 
the antiknock rating of refinery motor fuels 
but the continuing skyrocketing of the 
octane number to a point well beyond the 
octane rating of the more stable grades of 
natural gasoline has measurably affected 
the use of naturals for this purpose. It has 
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evaluation of condensate with other prod- 
ucts therefore should be with crude oil, 
which it directly displaces as a source of 
motor fuel. Estimated realizations from a 
typical crude oil of 40° A.P.I. gravity and 
from a representative condensate converted 
to marketable products are here set down 
for ready comparison on a per barrel basis, 
when the 74 octane gasoline is worth $0.045 
a gallon. Note that the bulk of the naphtha 
in the condensate has been re-formed. 
Actually the naphtha need not necessarily 


TABLE 2.—Evaluation of Products 


End Products 


.Condensate....... Io per cent natural 
10 per cent light gasoline 
50 per cent cracked gasoline 
I5 per cent distillate 
13 per cent gas 

2 per cent loss 


Crude'oilices.ani<s 


20 per cent S.R. gasoline 

10 per cent re-formed gasoline 
30 per cent cracked gasoline 
10 per cent distillate gasoline 
18 per cent fuel oil 
IO per cent gas 

2 per cent loss 


74 Octane 
(Less Lead Cost) 
é Realizable 
Gallons Vahia 
Tetraethyl | Assumed 
Lead, C.c. Value 
0.025 $o. 10500 
0.6 0.04344 0.18244 
0.6 0.04344 0.91284 
0.025 0.22050 
0.015 0.08190 
$1.50 
43 0.03902 0.3277 
0.6 0.04344 0.1824 
0.6+ 0.043 0.5418 
0.035 0.1470 
0.015 0.1134 
0.015 0.0630 
$1.375 
inigmta,c aecgsmater efecete Tae R mretenaa $o.125 


created a selective market and emphasized 
the demand for naturals of highest anti- 
knock values. Condensates, on the other 
hand, are neither particularly volatile nor 
high in antiknock. Motor fuels distilled 
from them to 4oo end point show octane 
numbers from 50 to 64, the preponderance 
falling in the 50-60 range. 


PRopucT EVALUATION AND DISPOSAL 


Condensates more nearly approximate 
the products of simple distillation of crude 
oil, through the lighter burning oils, with 
75 per cent or more falling into the gasoline- 
naphtha boiling range. Any comparative 


be re-formed. The high lead susceptibility 
of condensates permits the C.F.R. octane 
number to be increased with a minimum of 
tetraethyl lead. However, most refiners 
would prefer to re-form a substantial part 
of this material to produce a finished fuel 
with a high octane rating by the research 
method that more nearly approximates 
performance of the road. The straight-run 
gasoline from condensate in column 2, 
Table 1, may be examined in column 2 of 
Table 3. 

If the motor-fuel value of the natural 
gasoline fraction in the condensate were 
used in these calculations instead of an 
assumed $o.025 per gallon, the gross differ- 
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ence in value between a barrel of crude and 
condensate would be $0.209 in favor of 
condensate. Furthermore, these calcula- 
tions do not take into account the sub- 
stantially higher processing costs involved 
in producing motor fuel from crude oil. 
Chemical costs for treating are eliminated, 
and corrosion, a considerable factor in the 
processing of most crude oils, can be 
ignored. The color-stable and low-sulphur 
condensate will do much to improve by 
dilution the poorer qualities of the refined 
uels in these respects. 
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individual circumstances, but are encom- 
passed by the following: (1) inadequacy of 
equipment for additional light end re- 
covery, (2) insufficient re-forming facilities, 
(3) addition of straight-run gasoline would 
enforce idleness upon cracking equipment, 
(4) lower-gravity crudes make possible an 
over-all higher motor-fuel octane number 
and finally, (5) the need for burning oils 
that are present in larger quantities in 
crude oil. 

Selective buying by pipe lines has caused 
condensate to be a drug on the market 


TABLE 3.—Disposal of Products 


WOOP pers dash, 05 de check Ait Sapa «SUG atEae ew erelakergehs + 
MepOrpressive Miser Skt copes Shige oe Sheele ele eucher seh 
ICL OLRs ae Ah ekt stay Rate Nea a Seto store 
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5 per cent... 
20 per cent. 
30 per cent... 
40 per cent... 
50 per cent... 
60 per cent... 
70 per cent... 


SAP IOLT COR peters tates aha heise GP tly ashes yn Soares OLS eae ene © 
OO PET CONE... ee eee eee eee ew eee ree evecerers 
NA a ATUL TIN opiey Tox tray oka alar se tevaaval slaprie! Stele Grate o be sevetetecs «.« 


PREGOVELY: 7 DET GOI Uae atlas a tasst ofa col stsinga ah ekeson ofa (biey aol no .2) 6) hs):e 
POSS; DEF CONG i les ocisie vulcisicciew eisieiecinciseecccscwes 
PWenidite eer CEM sites pietaits «(ols ois) leleislaists sid: ebelpyelsve foie « 


ALTONA ys PENT barca ceartos pete! echt ata Sosioses chers oariticesenstepet> = 


I 2 3 4 
Condensate | Motor Fuel] Bottoms Gas 
100 83.2 13.2 3.6 
55-2 Wine! Cee 
22 30 
Sweet Sweet 
Negative Negative 
10.1 4.9 
57-5 
rT 
Degrees Fahrenheit 
94 124 440 
I40 150 404 
166 190 480 
192 204 489 
217 226 498 
237 240 507 
260 262 516 
294 278 534 
336 318 550 
400 352 590 
490 
568 402 652 
07 98.0 98.0 
1.5 1.0 0.0 
1.5 50 2.0 


@ Front end volatility of motor fuel, column 2 deficient. Natural gasoline available from total condensate 
will Srovids pedi sed volatility, Note, too, high lead susceptibility of motor fuel. Unstabilized condensate 


accounts for high loss shown in column 4. 


From the dollar value of the component 
parts of the average condensate balanced 
against the products manufactured from 
crude oil, it would be anticipated that 
refiners, through their buyers, the pipe 
lines, would eagerly compete for conden- 
sate, particularly if it were available at the 
price of 40° A.P.I. crude oil. However, this 
material has not been sought by them; 
rather, it has generally been rejected. The 
reasons urged by refiners vary with their 


in several areas. It was not by deliberate 
choice, therefore, that the more recent 
plants have been designed to distill the 
condensate into its component parts. Other 
plants have added such facilities. Reason- 
ably satisfactory fuels, including leaded 
grades, are produced entirely without re- 
forming. The plants built and building 
represent major investments. These plants 
are going to operate and as long as they 
operate they are going to produce. This 
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production is finding, and will continue to 
find, a market. Table 2 shows a sub- 
stantially higher net back to the recycling 
plant making motor fuel than to the refiner 
operating on crude oil, even without taking 
into account the transportation cost the 
refiner must pay on crude oil. This com- 
parative net back will prevail whether 
there is a profit or loss on the operation. 
The refiner of crude oil cannot produce 
gasoline at as low a price as can the operator 
of a recycling plant. 

With few exceptions, the production 
from these “field refineries” is greater than 
the local demand, wherefore a substantial 
part of the production moves in tank cars 
into the northern markets under exceed- 
ingly unhealthy marketing conditions, af- 
fecting orderly marketing quite out of 
proportion to the volume involved. In the 
writer’s opinion, the plant operator would 
rather dispose of the whole product to one 
buyer, but that buyer would have to pay a 
price for the material commensurate with 
the price and value of high-gravity crude. 
The relative schedules obtaining in late 
1938 and withdrawn at about the time 
condensate production began to appear 
were equitable and if in effect at this time 
would eliminate the marketing problem. 
Selective purchasing by pipe lines—and this 
is simply one aspect of selective purchasing 
—brings with it a chain of developments not 
always foreseen. Condensate is a raw 
material for production of motor fuel and, 
like crude oil, should find an outlet through 
the established channels of pipe lines and 
refineries. 


FuTurE DEVELOPMENTS 


As noted earlier in this paper, there will 
presently be a production of some 50,000 
bbl. of condensate from some 30 plants 
(see Appendix), including the prospective 
major plants in sight. With few exceptions, 
these plants are in fields discovered more 
than two years ago. No gas-distillate field 
of any proportion has been discovered 


. on 


SOME FACTORS IN THE ECONOMICS OF RECYCLING 


in the last year. While a number of 
smaller projects will be built to utilize gas 
from reservoirs already discovered, in point 
of volume of added production, they are 
not of great significance. Some of the old 
production will presently begin to decline 
as an offset. New production, therefore, 
is not likely to be maintained at anything 
like the pace of the immediate past when 
there was a big backlog of discovered fields. 
The industry may be said to be “‘caught 
up” and new projects will come along only 
with new discoveries. Of what magnitude 
these will be cannot be prophesied. 

Although the volume of condensate is 
decidedly small compared with the amount 
of oil produced in Texas and Louisiana, it is 
not unnatural that some producers and 
refiners should seek to restrict the produc- 
tion from distillate wells as a means of 
curing a situation that has more funda- 
mental causes for its ills. An effort in this 
direction was made in the Texas Legislature 
in the spring of 1939 but failed. There are 
controlling reasons of equity why it should 
fail again. But even in the severely prorated 
state of Texas, the production of 4 to 
1 bbl. of “‘crude” condensate is far below 
the allowable oil production per acre for 
most fields. Any restriction of recycling 
would be a penalty upon the highest type 
of conservation. The economics inherent in 
the business and the limitation of gas- 
distillate reservoirs will in and of them- 
selves doubtless act as sufficient brakes ane 
checks to overexpansion. 


SUMMARY 


Condensate is essentially an additional 
source of crude oil. Where the reserves are 
available in sufficient quantities and a plant 
can be planned of the size justified by the 
extent of the reserves and available market, 
an extraction plant may be built with a 
reasonable expectation of profit. Excessive 
bidding for gas should be avoided if the 
venture money is not to be unduly risked. 
The greatest care should be taken to deflate 
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estimates of recoverable reserves and the 
most scientific development plan should be 
selected and maintained. 

If the pipe lines will not purchase the 
condensate at a price commensurate with 
its value as a source of end products, it will 
be converted by the plant operator and 
marketed as finished products if a profit 
can be made by this operation. This finish- 
ing process in the plant, especially where 
the raw material is not too volatile, can be 
justified on the basis of the prices of crude, 
motor fuel and kerosene prevailing at the 
present time. 

The daily production of condensate in 
_ 1941 will represent little more than 3 per 
cent of the crude-oil production of Texas 
and Louisiana, and by coincidence about 
the same percentage of the crude oil pro- 
-duced in each state. Considered as crude 
oil, this volume of condensate should not 
present a problem of production or market- 
ing. If it is converted into end products, a 
sizable question of disposal is posed for 
solution. 


APPENDIX 


Gas-sampling M ethods 


A sampling device designed by Black, 
Sivalls and Bryson for removing a repre- 
sentative sample of gas from condensate 
wells under flowing conditions consists of 
a 14g in. internal-diameter sectional steel 
sampling tube with a steel-spring spider 
to hold the sampling tube in the center of 
the tubing. The sampling tube is forced 
down into the well tubing with a simple 
tube jack fitted with ball-bearing slips 
designed to operate at a maximum pressure 
of 4000 Ib. The sample tube is forced down 
into the well tubing until its tip has passed 
below all takeoffs, chokes, shoulders or 
other obstructions. A sharp-edged, stream- 
lined nipple attached to the end of the 
sample tube takes a continuous stream- 
lined flow sample at a point below where 
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turbulence occurs in the well head. The 
size of the nipple is chosen so that the ratio 
of its area to the area of the tubing is in 
the same proportion as the ratio of the flow 


- to the charcoal meter is to the flow of the 


well. This provides equal velocities through 
the sampler and tubing, assuring a repre- 
sentative sample of gas. 

The expansion valve is immersed in a 
hot glycerin bath so that the sampling 
rate can be held constant. In order to avoid 
losing condensate in the meter, the gas is 
passed directly from the expansion valve 
into the charcoal tube. The residue gas 
from the charcoal tube is measured in the 
meter and the volume is corrected for 
temperature and for shrinkage due to 
removal of the condensate. 


Costs 
Gas capacity, mil- 
onic ete alee 25 40 602 60 
Assumed value of 
condensate..... $0.025 |$0.025 |$0.025 |$0.025 


Operating cost.... 
Depreciation (5 
years to IO per 
cent salvage)... 


0.0067] 0.0048] 0.0053] 0.0045 
Costiok gaswien.e. 


Total cost per 


gallon. <. scies $0.0246|$0.0210/$0.0220|}$0.0201 


«This plant has facilities for cutting several end 
products; hence higher costs. 


The price of 40° A.P.I. crude oil in the 
Long Lake field was $1.08 per barrel in the 
spring of 1940 and $1.28 in the Corpus 
Christi area. If a condensate manufacturer 
had a plant in both areas, processing 1 gal. 
gas in each plant, and if he paid 4o per 
cent for the gas, that gas would cost him 
$0.0126 for every gallon of condensate he 
produced at Long Lake, but it would cost 
him $0.0152 at Corpus Christi. In other 
words, the cost would be $0.0026 higher in 
the latter field. 

This writer believes that ultimately oper- 
ators of recycling plants will consider the 
experience of manufacturers of natural 
gasoline and profit by their example. 
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. . : . Under Construction 
ects in Operation : 
Recycling Project p 25, Shamrock Opelika 
OPERATING COMPANY LOcATION 26. Ohiolet al: Cotton Valley 
1. Tide Water-Seaboard Cayuga 1 27. Alexander-Sherrin La Gloria 
2. Tide Water-Seaboard Cayuga 2 28. Gulf States McAllen 
3. Tide Water-Seaboard Long Lake 29. Texas Company Berwick, La. 
4. Byrd-Frost (Anco) Long Lake p 3 
5. Trinity Gas Corp. Long Lake spuds 
6. Agua Dulce Corp. Corpus Christi 1. Humble et al. Katy 
7. Lockhart Petr. Co. Corpus Christi 2. Atlantic N. Tepetate 
8. Coastal Recycling Co. Corpus Christi 3. Texas Co. Francitas 
9. Corpus Christi Corp. Corpus Christi 4. Standard Oil Co. Texas Hidalgo 
to. Hosey Harrel Bamel 5. Texas Co. Bessemer 
11. Portex Logansport 6. Jackson and Geier Grapeland 
12. Process Oil Co. Corpus Christi 
13. Abercrombie-Harrison Old Ocean REFERENCES 
14. Sun Oil Co. Sea Breeze 1. J. S. Swearingen: Predicting Wet Gas Recovery. 
15. Sun Willow Slough Oil Weekly (Dec. 25, 1939). 
pete ht 1 ise LaBare oN Achar te <a Fine a anid. cower 
17. American Liberty Grapeland Bodie Problems. Trans. A.I NM. E. (1933) 103, 
18. H. L. Hunt Long Lake 19. a < Ss Je 
fe inity- 2. Patten and Ivey: ase uilibria in igh- 
22 Bee Lone roa ehbeeg ae Condensate Wells. Oil Weekly (Dec. 12, 1928). 
20. Uw ANS FaL bor Cc. 4. DeBach: Petr. Engr. (March 1939). 
21. Roeser and Pendleton Cayuga 5. DeBach: nae Nat. Gasoline Assn. Amer. (May 
. F 15-17, I 
oe ocneea for Boos 6. Kirkwood: Petr. Engr. (Nov. 1940). 
pete eALf : Jee 7. Wade: Oil and Gas Jnl. (Feb. 23, 1939). 
24. Gasoline Production Co. Grapeland 8. Kaye: Proc. Amer. Pet. Inst. (May I5—-I9, 1939 


DISCUSSION 
(L. F. Terry presiding) 
E. O. BENNETT,* Ponca City, Oklaa—The 
author has made an excellent presentation of an 
important and fast-growing phase of the oil- 
producing industry, but I cannot agree with 
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reservoir temperature, 200°F., the deviation 
is about 11 per cent. Since actual deviation is 
readily measured, it should be taken into 
consideration. 
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DEVIATION FACTOR "k* 
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PY anenetion PRESSURE = = mow OS aie 
FIG. 1.—EFFECTS OF PRESSURE AND TEMPERATURE ON DEVIATION OF SEPARATED GAS FROM PERFECT 
GAS LAW (SUPERCOMPRESSIBILITY). 

L. F. Trrry,* New York, N. Y.—What 
recovery factor of the condensate in place in 
the reservoir may be expected in reasonably 
good operating practice? 


his statement that the effect of deviation is 
to a considerable extent nullified by reservoir 
temperature and that it is well to allow this 
factor as a cushion. The curves of Fig. 1 show 
the effect of temperature on deviation of a 


deep gas-distillate pool in Louisiana. At He Rave Taathor' (reply)+1 shoul aay 


60 to 75 per cent. 


* Chief Petroleum Engineer, Continental Oil Co. * Chase National Bank. 


Engineering Economics of Long Petroleum Pipe Lines 


By Epcar G. HILi* 
(New York Meeting, February 1942) 


Mucu has been written and said recently 
about the methods used and materials and 
equipment employed in building the long 
tubes that criss-cross a great part of the 


ee —-—-_._! 


ee Oi Pipe Lines 
weoceceone Gasoline Pipe Lines 


eee = Tanker Routes 


the fluids the lines are called upon to 
handle. 

Generally speaking, crude-oil pipe lines 
carry oil from the producing fields to the 


Fic. 1.—DIRECTIONAL FLOW OF CRUDE-OIL AND GASOLINE PIPE LINES. 


United States, like the pattern of a spider’s 
web. This paper will discuss the funda- 
mentals of design of these lines from the 
economic as well as the engineering view- 
point, pointing out the effect of the volumes 
transported, and the load factor, on the 
unit costs of transportation, as well as 
the effects on costs of the character of 


Manuscript received at the office of the Institute 
Dec. 1, 1941. Issued as T.P. 1433 in PETROLEUM 


TECHNOLOGY, dasuaty 1942. ; 
* Vice President of Ford, Bacon and Davis, Inc., 


New York, N. Y. 


refineries. Sometimes part of the journey 
is by pipe line to a coastal point and tank 
ships are employed for the rest of the trip. 
The main lines of directional flow of 
crude oil through pipe lines in the United 
States are shown on Fig. 1, but this, of 
course, does not always show individual 
pipe lines. 
Basic FORMULA FOR FLOW oF CRUDE OIL 


The laws governing the flow of crude oil 
through pipes are well known. The basic 
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flow formula can be simply expressed as 
follows: 


KQ’G 
P= De 
or 
PD 
O~ ke 
or 
‘BD 
QO KG 
where Q = delivery per 24 hr., bbl. (42 
gal.) 
P = pressure loss per square inch 
per mile, lb. 


D = inside diameter of pipe, in. 

K = factor depending on the vol- 
ume and characteristics of the 
fluid handled and the diameter 
of the pipe. 

G = the specific gravity of the fluid 
handled, water being taken as 
1 at 60° F. 

Therefore, the quantity of crude oil that 
a pipe line can handle varies: 

1. Directly as the square root of the 
pressure drop per mile in the line. 

2. Directly as the square root of the fifth 
power of the inside diameter of the pipe. 

3. Inversely as the square root of the 
specific gravity of the oil. 

4. Inversely as the square root of the 
factor K. 

5. Inversely as the square root of the 
line length. 

Factor K is determined from a knowledge 
of the velocity of the oil in the line; i.e., 
the capacity to be handled and the diame- 
ter of pipe to be used, the viscosity of the 
oil—that is, its internal resistance to move- 
ment—and the density of the oil. In 
ordinary practice, for oils of moderate 
viscosity, factor K usually ranges from 


0.0024 to 0.0018 for a 6-in. line to 0.0013 to 


0.0015 for a 24-in. line. 

The usual pressure at the initial point is 
800 to 1000 Ib. per sq. in., 900 Ib. being a 
fair average. Pumping stations are spaced 
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along the lines at intervals of 25 to 75 miles. 
These stations restore the pressure that 
has been lost because of the friction of the 
fluid in the pipes or the effect of varying 
elevations. 

The pressure drop per mile ranges from 
as much as 30 lb., on a line operating at 
high capacity with stations closely spaced, 
to as little as 10 lb. on Jines where provision 
has been made for substantial later increase 
in capacity through addition of intermediate 
stations, or where the full economic 
capacity of the line is not being utilized. 
For the computation shown on the charts, 
Figs. 2 and 3, a pressure drop of 15 lb. per 
sq. in. per mile has been adopted, not 
because it is always the most economical 
but simply because it is satisfactory for 
comparative purposes. 


APPLICATIONS OF Basic FLOw FORMULA 


The determination of the most economi- 
cal pressure drop per mile in a long pipe 
line requires analysis in each individual 
case. It depends to some extent on the 
probable increase in capacity that may be 
needed later. If this is believed to be con- 
siderable, and not too long deferred, the 
line usually will be designed initially with 
a fairly low pressure drop and wide station 
spacing. The capacity can then be increased 
up to about r4o per cent of the initial 
capacity by doubling the number of pump- 
ing stations and increasing their installed 
horsepower proportionately to the increased 
capacity, without adding any more pipe. _ 

On the other hand, should the price of 
pipe or the cost of construction be ab- 
normally high at the time when or the 
place where the line is to be built, it might 
be found advisable to use a higher pressure 
drop per mile, which would require less pipe 
per unit of capacity but more pumping 
machinery. In such cases any additional 
capacity needed later would probably be 
provided by looping the line part way with 
a parallel pipe, and also adding to the 
station horsepower without increasing the 
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number of stations. Thus the relationship 
between the cost of pipe in place and 
the cost of power is also an important 
consideration. 


a33 


From our tables and charts, the factor 
K for these conditions of volume, 8-in. pipe 
size and viscosity is determined as 0.00213 
and the formula is set up as follows (35°Bé. 


im 58° Be. Gasoline 


ay 35° Be. Crude Oil 


THOUSANDS OF BARRELS (42 GAL.,; PER 24 HOURS 


NOMINAL DIAMETER OF PIPE IN LINE (INCHES) 

Fic. 2— APPROXIMATE DAILY DELIVERY CAPACITY AT 100 PER CENT LOAD FACTOR OF LONG OIL AND 
GASOLINE PIPE LINES. 

Operated with pressure drop of rs lb. per sq. in. per mile and goo-lb. gauge station-discharge 


pressure (station fuel requirement included). 


Assume that a long pipe line is to be 
built to handle 17,250 bbl. of 35°Bé. crude 
oil per 24 hr., and that this oil has a Saybolt 
viscosity at 60°F. of 150 sec., which is a 
good fluid crude. Experience indicates 
that an 8-in. line probably will be needed 
for these conditions, and the problem 
becomes that of determining the pressure 
drop per mile in an 8-in. line, which fixes 
the spacing of the pumping stations. If the 
trial analysis obviously gives too low a 
pressure drop per mile, computations will 
be made for a 6-in. line, the next smaller 
commercial pipe size. 


crude having a specific gravity of 0.85): 


0,0021 3) X117,.2507) XnO.a5 
P = 15.7 lb. per mile; say 16 lb. for con- 
venience. 


P= 


In flat country then, if the discharge 
pressure at stations is to be goo lb. and the 
intake at the next station down the line 
100 lb., the stations will be spaced 


900 — 100 


oF = 50 miles apart. 


Where lines are built in mountainous or 
rough country, an accurate profile of the 
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Pumps having an efficiency of 75 per cent 
will be used, therefore 


pipe line is essential because the difference 
in elevation of the successive stations must 


be taken into account as well as the friction 
loss in determining the station spacing. 


70 


60 


50 


‘= 
So 


COST PER MILE - THOUSANDS OF DOLLARS 
Including Pumping Stations 


Outside Diameter ———— 


503 X 800 X 2.31 


HP = 2070 


= 313 


it Gasoline 


a Crude Oil 


COST PER MILE PER BARREL OF DAILY CAPACITY - CENTS 


ine] 


0 


o 


1 


20 


24 
——— Outside Diameter ———" 


NOMINAL DIAMETER OF PIPE IN LINE (INCHES) 
Fic. 3— APPROXIMATE COST PER MILE OF LONG OIL AND GASOLINE PIPE LINES, INCLUDING PUMPING 
STATIONS. 
Expressed per mile of line and per mile of line per barrel of daily capacity. Line capacity 


computed with rs lb. per mile pressure drop. 


However, it is assumed here that all sta- 
tions are at the same elevation, or approxi- 
mately so. 


HORSEPOWER REQUIRED FOR PUMPING 


The power required in each station is 
computed as follows: 


HP = 
Gallons per Minute Pumped X Net Pres- 
sure in Lb. per Sq. In. X 2.31 


3960 X E 


E is the efficiency of the pumps employed. 
Pumping station horsepower therefore is 
computed as follows: 


17,250 X 42 


fac = 503 g.p.m. 


to which will be added 10 to 20 per cent as 
a safety factor and 350 to 375 hp. of drivers 
will be used in each pumping station, 
depending on the type used, whether elec- 
tric or Diesel. 


COMPARATIVE Costs oF LINES 


The line, then, is an 8-in. line operating 
at goo-lb. pressure with pumping stations 
spaced 50 miles apart, each containing 350 
to 375 hp. of pumps plus any spare capacity 
desired. 

With pipe costing $80 per ton, including 
freight, and the line installed in average 
pipe-line country from a construction 
standpoint, the cost of this line per 100 
miles would approximate $1,262,000, in- 
cluding the two pumping stations and other 
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appurtenant facilities necessary to a pipe- 
line project. This is equivalent to $12,620 
per mile, or 73¢ per mile per barrel of daily 
capacity. 

We will now refigure the design of this 
line based on the use of 6-in. pipe operating 
at the same goo-lb. pressure, to determine 
comparative over-all cost. 

The factor K for a 6-in. line handling 
17,250 bbl. of the same crude per day is 
0.00196 and the formula is set up: 


pe 0.00196 X 17,2507 X 0.85 
¥i 6.065° 


P = 60 lb. 
The station spacing is thus 


goo — 100 


a = 13.3 miles 


requiring 744 pumping stations in too 
miles, or 15 in 200 miles. 

The cost of the project for 200 miles of 
line, then, is: 


200 miles of pipe line at 


S7S0Os; ak cas eas bere aie ei $1,500,000 
I5 pumping stations, 350 
Dv GACH Si gacear ceases v5 1,260,000 
Other facilities............ 220,000 
Total per 200 miles...... $2,980,000 
Average per mile........ $ 14,900 


A 6-in. line, therefore, is too small to 
handle economically 17,250 bbl. per day, 
not only from the standpoint of first cost 
but also from the standpoint of over-all 
operating costs, because of the large num- 
ber of pumping stations required, all of 
which will require operating labor and will 
either use oil from the line for fuel or will 
operate on purchased energy of some kind. 
A to-in. line would handle this volume 
easily with only one pumping station in 
160 miles but the first cost of a ro-in. line 
with fewer stations would be so much 
higher than the cost of an 8-in. line with 
two pumping stations that an 8-in. line 
would be constructed. 

There is, however, a range of capacities, 
say from 20,000 to 25,000 bbl. per day, 
where the choice between an 8-in. and a 
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to-in. line would have to be determined 
after a very careful calculation of present 
and future expected over-all costs including 
capital charges and operating expenses. 


CAPACITIES OF LINES AND Cost PER MILE 


Fig. 2 shows the computed daily capa- 
cities, in barrels, of long pipe lines of vari- 
ous diameters, when handling 35°Bé. crude 
oil of moderate viscosity (150 S.U.S. at 
60°F.) and when handling 58°Bé. gravity 
gasoline, the computed line capacities 
being based on station discharge pressures 
of goo lb. and a pressure drop of 15 Ib. per 
mile. 

Fig. 3 shows the estimated approximate 
total investment cost per mile, including 
pumping stations, of crude-oil and gasoline 
lines from 6-in. to 24-in. diameter, inclusive; 
also, the cost per mile per barrel of daily 
capacity of such lines. The two charts of 
Fig. 3 are vital to an understanding of this 
paper because they show that while large 
pipe lines cost somewhat more per inch of 
diameter than small lines they cost much 
less when considered on a capacity basis. 


EFFECT OF VISCOSITY ON OVER-ALL 
TRANSPORTATION COSTS 


Most crude oils handled by long pipe’ 
lines are of moderate viscosity; that is, 
they are commonly known as light crudes, 
and usually have a high total gasoline 
content. A few crudes are so viscous that 
they must be heated before they can be 
pumped; and others that are fluid at sum- 
mer temperatures become rapidly more 
viscous as the temperature lowers. When 
such oils are pumped in cold climates they 
must be heated or the delivery capacity of 
the line is sharply reduced. 

In determining factor K in the basic 
pipe-line formula, the kinematic viscosity 
(i.e., the ratio of the absolute viscosity to 
the density of the crude oil to be pumped) 
is required. This is determined by the use of 
the Saybolt Universal viscosimeter. The 
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figure so determined is used in the expression 


nO 
DY 


where Q = barrels transported for 24 hours, 

D = internal diameter of pipe in 
inches, 

Y = kinematic viscosity of oil in 
centipoises divided by density 
in grams per cubic centimeter. 

Q 

After DY 
may be determined by the use of a chart, 
Fig. 4, which shows the relationship be- 


is determined the factor K 


_ tween & and K for any value of ae 


To show the effect of viscosity on the 
pressure drop in pounds per square inch per 
mile of pipe line and, consequently, on the 
horsepower required to move the oil 
through the line, we will determine the 
station spacing and total horsepower 
required per 100 miles of line for two crudes 
of different viscosities but of the same 
specific gravity, using the 8-in. line handling 
17,250 bbl. per day. 

For crude A, 


Q = 17,250 
De 6:075 
Viscosity = 150 Saybolt 
Universal Seconds at 60°F. 


From Technologic Paper 112 of the Na- 
tional Bureau of Standards (by W. H. 
Herschel), page 19, Eq. 13, a curve has been 
developed showing the relation between the 
S.U.S. viscosity and the kinematic velocity 
Y. From this curve, using S.U.S. at 150: 


Y = 31.5 
gy era 112500 ge 
DV ees 071 Xe 3225 
where 
pores 
DY = 68 


K = 0.00213 
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and by substituting the value of K so 
determined in the basic formula 


P = 15.7 or, say, 16 lb. per mile 


Thus, a 350-hp. station will be needed 
every 50 miles to handle this oil through an 
8-in. line, two stations on a 100-mile line 
and four on a 200-mile line. 

Crude B, however, is more viscous, with 
a Saybolt viscosity of 300 at 60°F. Y then 
becomes 65 and 


gO aoe LIU 28O) ty 
DY ~~ 8.071X 65s. °7"9 


From the curve of Fig. 4 a value for K 
is found of 0.0027 corresponding to 32.9 


for ae The basic formula then becomes: 


_ 9.0027 X 17,2507 X 0.85 _ 


= 8.0715 


20 


The station spacing then is 


goo — I00 


= 40 miles 
20 


and while the power required in each sta- 
tion is substantially unchanged, particu- 
larly if reciprocating pumps are used, five 
pumping stations will be needed in 200 
miles of line with the 300 viscosity crude, 
against four with the 150 viscosity crude, 
an increase of at least 25 per cent in the 
pumping plant required to move the same 
amount of oil through line of the same size. 
Not only is the first cost increased by the 
additional stations but the operating cost is 
also greater, owing to the increased pump- 
ing-station labor, fuel, supplies and main- 
tenance required. 

Tf the line had already been built with a 
so-mile station spacing, we would try to 
increase the station discharge pressure to 
1100 lb., which would handle 17,250 bbl. of 
300 viscosity crude. If that could not be 
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done, the pressure could be held at goo Ib. 
and the pumps slowed down to deliver 


~/ 166 or 89.5 per cent of 17,250 bbl., 
or 15,440 bbl. daily. 


In any event, the transportation cost per 
barrel is increased by the higher viscosity 
of the oil. 

In almost all long lines, except those in 
the far South, the increased viscosity of 
most crude oil brought about by the low- 
ered temperature in winter necessitates 
increased station pressures during winter 
months for normal deliveries, the alterna- 
tive being reduced deliveries at the same 
station pressure. Some crudes, however, 
have almost a constant viscosity through 
operating temperature ranges. If these 
crudes are available for mixing with crudes 
having high viscosity at low temperature, 
better operating efficiency in winter will 
naturally follow. 


Basic Costs oF TRANSPORTING 
CrupDE OIL 


Most crude-oil pipe lines are under the 
jurisdiction of the Interstate Commerce 
Commission, which publishes in some detail 
the operating statistics of all the lines under 
its control. These published data show that 
for the larger system the gross revenue, or 
barrelage handled times the tariff, averaged 
almost exactly 6¢ per barrel per 100 miles 
in the year 1937, the latest year for which 
complete figures are available. A barrel of 
crude oil weighs about 300 lb., so that 6¢ 
per barrel per 100 miles is equivalent to 
4 mills per ton-mile, which may be taken as 
a measure of the basic cost of transporting 
crude oil by the larger carriers in 1937, 
including depreciation and return on invest- 
ment. This is much less than comparable 
railroad freight rates. 

There have been recent reductions in 
pipe-line tariffs, which amount in some 
cases to as much as 20 per cent, and it is 
probable that at the present time 5¢ per 
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barrel per roo miles, or 314 mills per ton- 
mile, is a more accurate figure. 


EFFECT ON Costs OF INCREASED 
LINE SIZE 


The large lines considered in arriving at 
this base cost are ro and 12 in. in diameter. 
If by combining the crude requirements of 
a number of refiners, the capacity to be 
handled by a pipe line can be increased 
fivefold or sixfold over the rated capacity of 
any one of the present large lines—say to” 
200,000 or 250,000 bbl. daily—line diam- 
eters of 20 to 24 in. become possible. 

This was the situation presented by the 
oil companies that sponsored the large 
crude-oil line from Texas to the Eastern 
Seaboard, construction of which was pro- 
posed last year in an effort to replace the 
tanker capacity that had been diverted 
from the usual routes to the service of Great 
Britain, but which was not approved by the 
S.P.A.B. on the ground that the large 
tonnage of steel required should be put to 
better use during the present emergency. 

Without going into the merits of the 
positions taken by those who argued for 
and against this line, it is easy to show that 
the cost per barrel-mile for transporting, oil 
from Texas to the Philadelphia or New 
York areas by such a system would be 
much lower than anything yet attained in 
pipe-line operation. 

The principal items of cost entering into 
pipe-line tariffs are routine operating 
expenses, including pumping costs, main-. 
tenance, property taxes, depreciation and 
return on investment. Of these items, main- 
tenance, property taxes, depreciation and 
return are all functions of capital invest- 
ment. Many of the routine operating 
expenses are almost the same regardless of 
the diameter of the line—for example, it 
costs just about as much to dispatch and 
patrol a r2-in. line as a 24-in. line. Pumping 
costs, with the same station spacing, would 
not differ much for the labor required at the 
stations, whether medium size or large 
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pumps were employed, and certainly would 
not increase more than in proportion to the 
diameter of the line. Administration costs 
would hardly increase in proportion to the 
diameter of the line. 

Fuel at the station, however, would be 
consumed in proportion to the volume 
handled and would be about six times as 
much in total for a 24-in. as for a 12-in. 
line; but it would be about the same per 
barrel-mile, as on Fig. 3 it is shown that 
while the cost per mile of a 24-in. line is 
nearly three times that of a 12-in. line, its 
carrying capacity is nearly six times as 
much when operated under the same condi- 

. tions of pressure and station spacing and 
handling crude of the same characteristics. 

To be specific, the cost of a r2-in. line 
with a capacity of 50,000 bbl. of crude per 
‘day is estimated at $21,900 per mile at 
today’s price levels, equivalent to 43.8¢ per 
mile per barrel of daily capacity. 

A 24-in. line with a daily capacity of 
295,000 bbl. of the same crude is estimated 
to cost $60,200 per mile, equivalent to only 
20.4¢ per mile per barrel of daily capacity. 
The capital costs of transporting oil through 
the 24-in. line therefore are only 46.6 per 
cent as much per barrel of capacity as for a 
12-in. line, and in comparison with capital 
costs of transporting oil through 8 and 
to-in. lines, the economy in the use of lines 
of very large capacity is even more pro- 
nounced. This statement assumes, of 
course, that the same annual rates of return 
on investment, taxes, depreciation, amor- 
tization and maintenance are applicable in 
all cases. 

The routine operating expenses in dol- 
lars, with the exception of pumping cost for 
the 24-in. line, might possibly be as much 
as 150 per cent of those of the 12-in., but on 
a per barrel daily capacity basis would then 

_ only be about one fourth as much, and the 
same should hold true of administration 
costs. Of the components of the total cost, 
then, only one item, fuel, would be the 
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same on a per barrel basis, the other items 
being much less for the large line. 

Fuel cost normally would be about one 
third of the total of all the routine operating 
costs on a big line, so that on a per barrel 
basis the total operating costs of the 24-in. 
line including fuel but excluding capital 
charges should be about so per cent of the 
costs on a 12-in. line. As the capital costs 
of the 24-in. line per barrel-mile have been 
computed to be about one half those of the 
12-in. line, it is obvious that the over-all 
operating costs per barrel-mile for a 24-in. 
line would be about half those of a r2-in. 
line—or, say, 2}4¢ per barrel per 100 miles 
—from which it can be readily deduced 
that as against the present tariff of 67¢ per 
barrel charged by the pipe-line carriers from 
the East Texas field to the New York area, 
a distance of about 1400 miles, the corre- 
sponding tariff on the proposed 24-in. line 
would probably not have exceeded 35¢ per 
barrel at a reasonably good load factor. 

The proposed large line from East Texas 
to New York, if built, would thus accom- 
plish the delivery of large volumes of Texas 
and Mid-Continent crude oil to the Eastern 
Seaboard refineries at transportation costs 
not far from those that existed before the 
present emergency, as most of this oil used 
by the Eastern Seaboard refineries traveled 
via pipe line from the fields to the Gulf 
Coast and thence by tanker to destination, 
the combined pipe-line and tanker trans- 
portation cost for this movement being 
around 35¢ per barrel in normal times. 


FUNCTIONS OF PIPE LINES FOR! REFINED 
PRODUCTS 


The refined-products line, or gasoline 
pipe line, as it is usually termed, is really 
part of the marketing facilities of the own- 
ing company or companies. Long products 
lines date from about 1930, when Phillips 
Petroleum Co. built a 750-mile 8-in. carrier 
from its refinery at Borger, Texas, to the 
St. Louis area, and the former crude line of 
Tuscarora Pipe Line Co., which for many 
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years had brought crude oil eastward into 
the New York area, was converted into a 
products line and its direction of flow 
reversed. Since that date, construction of 
products lines has proceeded at an ac- 
celerated rate and by the end of this year 
there will probably be about 13,000 miles of 
such lines in service. 

Fundamentally, the purpose of a products 
line is either to enable a refiner whose plant 
is a long distance away from volume 
marketing areas to lay down his products 
in those areas on a Cost basis that will allow 
him to compete on fairly even terms with 
refiners in or near such areas, or to enable 
him to compete on fairly even terms with 
other refiners also far from the market area, 
who may already have built products lines 
or who may have the advantage of water 
transportation. If it were not for such low- 
cost carriers of refined products as pipe 
lines and tank vessels, large refineries 
would have difficulty in existing except close 
to areas of great consumption, as they 
would be wholly dependent on the higher- 
cost railroad transportation for their prod- 
ucts to remote market areas. As it now 
stands, a large refinery in the Panhandle of 
Texas, 1000 miles away, can profitably take 
advantage of low production costs at its 
location only because a products pipe line 
connects it with large consumer demand in 
cities as far removed as St. Louis and 
Chicago, and makes possible a terminal 
from which its products can move cheaply 
by water to other points on the Great 
Lakes. 

Likewise, refiners on the Atlantic Sea- 
board can ship their products to markets in 
western Pennsylvania, Ohio and western 
New York, where they would have great 
difficulty in competing with refiners situated 
on the Ohio and Mississippi Rivers or on the 
Great Lakes were it not that their products 
lines to those markets afford cheap trans- 
portation of finished goods and _ their 
Eastern Seaboard refineries are supplied 
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with crude largely by low-cost tank 
steamships. 

Along the route of these products lines 
are terminals containing substantial storage 
capacity, from which deliveries can be made 
to the bulk plants in the surrounding areas 
by tank car or truck transport. 

The broken lines on the map, Fig. 1, — 
show the directional flow of much of the 
gasoline and finished products now handled 
by pipe lines. Most of the lines originate at 
refineries but some, such as the lines ex- 
tending from eastern Long Island Sound 
into New England and the southeastern 
line from Port St. Joe, Fla., to Atlanta, Ga., 
and Chattanooga, Tenn., originate at 
terminals located on tidewater, to which the 
products are delivered by tank steamer 
from refineries that may be hundreds of 
miles away. 

The Plantation Pipe Line, just com- 
pleted in the Southeast, is one of the few 
common carriers of products. Most of the 
others are operated as plant facilities. It 
happens that the Plantation line serves 
markets that formerly were served by a 
combination of tanker, tank car and truck 
transport, and thus will supplant a certain 
amount of tanker capacity; and the same 
is doubtless true of the Southeastern Line. 
The Plantation Pipe Line originates at 
Baton Rouge at a terminal at the refinery 
of one of its owners, which also is equipped 
to receive the products of others into the 
same terminal direct from the tanker that 
has brought them from distant refineries. 

All this construction of gasoline pipe lines 
definitely cuts the cost of moving finished 
products to market, and so permits com- 
petition in marketing areas that otherwise 
would not exist. 


HANDLING DIFFERENT PRODUCTS THROUGH 
Pree LINES 


It has been found through experience 
that different refined products can be 
moved in slugs through a pipe line if 
sufficient velocity of flow in the line is 
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maintained to keep the different fluids from 
mixing and contaminating each other. 
There will necessarily be some mixing at the 
zone of contact between the different 
products, but careful operation holds this 
to a low percentage. Badly contaminated 
products are either degraded and marketed 
as such, or shipped back to the refinery in 
tank cars for reprocessing. There is some 
ground for belief that more contamination 
relatively will be experienced in the opera- 
tion of large-diameter lines than in the 
smaller ones, which operate satisfactorily 
when handling different products without 
the use of water or other separating medium. 
A dispatching system, comparing in exact- 
ness of operation with that used by the 
railroads, is necessary for efficient operation 
where different products are handled, 
because the arrival of the different products 
at the various points where they are to 
leave the pipe line must be figured in 
advance almost to the second and the 
terminal operators must be ready to handle 
them the moment they arrive. 


Basic PRINCIPLES GOVERNING FLOW OF 
GASOLINE IN Prive LINES 


The basic principles that govern the 
handling of gasoline and other refined 
petroleum products through pipe lines are 
really the same as those governing the flow 
and handling of crude oil. 

It happens that viscosities of the refined 
products are not determined in the same 
manner as for crude oil and it also happens 
that when the early gasoline lines were built 
-not much was known precisely about the 
friction losses that would be realized, so 

that the lines were designed, generally 
speaking, as though they were to handle 
water and when the results of the lines’ 
operations were determined the basic con- 
stant developed was the factor C in the 
Hazen-Williams formula covering the flow 
of water through long pipes. This formula 
used with varying constants has been the 
standard in determining the size of gasoline 
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and products carriers and the constant C 
has been often taken at 130 for the average 
gasoline. Sometimes C has been determined 
for new lines to be initially higher than 130, 
but it has often been experienced that, 
owing to internal corrosion, rather startling 
decreases in the capacity of some of the 
lines have developed after only a few years 
of operation. 

Daniel E. Sullivan, Chief Engineer of 
the Pure Oil Co., has outlined, in a very 
interesting paper presented before the Divi- 
sion of Production at the Annual Meeting 
of the American Petroleum Institute in San 
Francisco in November 10941, the experi- 
ence of his company with internal corrosion 
on the 6-in. pipe line of the Detroit South- 
ern Pipe Line Co., the gasoline line between 
Toledo and Detroit that was built in 1933. 
Mr. Sullivan states that initially on this 
line the constant C was 143.4 but that after 
244 years of operation the capacity of the 
line fell off to 74 per cent of its initial 
capacity and the constant C declined to 
110.2. Fortunately, it has been possible to 
restore the capacity of this line to some- 
what better than its original volume by 
the frequent use of an ingenious cleaning 
device, which removes the tuberculation 
from the interior wall of the pipe and also 
takes out much of the water, which is 
believed to be the basic cause of the corro- 
sion trouble. 

The Hazen-Williams formula for the flow 
of water is: 
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where » = velocity per second, ft., 

c =a constant for a given pipe, the 
numerical value of which is 
affected by the roughness of the 
wetted inside of the pipe, 

ry = the mean hydraulic radius (di- 
ameter + 4) 

s = the slope of the pipe (pressure 


drop in feet of fluid + length) 
Using the foregoing formula as a basis 
and substituting the value of 130 for C, 
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introducing the specific gravity of gasoline 
and expressing the rate of flow in barrels per 
hour, the Walworth Company, Inc., sug- 
gests the following modification* of the 
basic formula: 


p54 = OX g?- 4 xX F 


in which p = pressure drop due to friction, 
Ib. per sq. in. per mile, 

Q = barrels of gasoline flowing 
per hour. 

g = specific gravity of flowing 
gasoline referred to water as 
£6; 

F = a factor that is a function of 
the inside diameter of the 
pipe (d, in inches) with 
which the formula constant 


; } esas. 
is combined. Its value is an 


For convenience in the use of the formula, 
values of F for nominal sizes of A.P.I. line 
pipe are tabulated in Table 1. 


TABLE 1.—Numerical Value of Factor F 


NoMINAL PIPE S1zE NUMERICAL VALUE 
A.P.I. Line Pips, IN. oF Factor F 


I 1102.3 xX 107% 
1}4 535-79 X 1078 
133 357.24 X 107% 
2 185.18 XX 1073 
244 116.06 X 1073 
3 65.548 X 107% 
342 44.723 X 1078 
4 32.068 X 107% 
5 17.608 X 107% 
6 10.007, X20! 
8 5.3033 X 1073 
10 2.9151 X 1073 
12 1.8142 X 1073 
14 0.d. 1.3979 X 1078 
15 0.d t.1542-X ro7? 
16 o0.d 966.0 X ro76 
17 0.d 822.3 X ros 
18 o.d 706.2 X 1078 
20 0.d 528.5 xX 107s 


This Walworth conversion of the basic 
Hazen-Williams formula presents a very 
convenient basis of computing the flow of 
gasoline through pipe lines, using a median 
figure of 130 for the friction constant. 

In considering the economics of crude-oil 
and gasoline pipe lines, it cannot be too 


: *See page 499, Catalog 89, Walworth Company, 
ne. 
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strongly emphasized that they must be kept 
internally clean to be operated efficiently. 
Deposits of paraffin or asphalt, which form 
on the interior of crude-oil pipe lines, are 
removed by the use of scrapers passed 
through the line with the crude from station 
to station. These scrapers operate through 
the cutting action of a multiplicity of © 
curved steel blades in the cutterhead and 
are forced through the line by the action 
of the fluid on leather or fiber disks in- 
corporated in the body of the scraper. 

The tubercles that form on the inside of 
gasoline pipe lines are similar to those found 
on the inside of water pipes, and in their 
removal the conventional type of scraper is © 
useless. A plug formed of alternate rings of — 
circular wire brushes and rubber disks, as 
described by Mr. Sullivan in the paper 
cited, seems to be the best means yet 
devised of mechanically cleaning the inside ~ 
of gasoline lines. Much work has been done 
and is being done toward the development 
and effective use of both liquid corrosion 
inhibitors introduced into the fluid stream 
and other chemical means of preventing 
this internal corrosion. 

Figs. 2 and 3 show that a pipe line of a 
given diameter normally passes more gaso- 
line than crude oil because of the lower 
viscosity and gravity of the refined prod- 
ucts. The capacities shown for gasoline on 
these charts were computed by the use of 
the Walworth formula, using gasoline of 
58°Bé. gravity. The increase in capac- 
ity possibly necessitates correspondingly 
greater horsepower in the pumping stations 
to realize it, so that the over-all cost of a 
gasoline line of a given diameter usually is 
somewhat greater than that of a crude-oil 
line designed for the same basic pressure 
drop per mile and, likewise, a very similar 
relation exists between the cost per mile of 
the various sizes of gasoline lines and crude- 
oil lines, and a similar reduction in the cost 
per barrel of capacity is shown for the large 
lines handling gasoline and for those han- 
dling crude oil. 
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DISCUSSION 


It is basically necessary, therefore, to 
handle large volumes in order to obtain the 
lowest costs. It is undoubtedly this fact 


that has caused the cooperation between. 


otherwise competitive interests in the con- 
struction of refined-products pipe lines such 
as the Great Lakes Pipe Line system, the 
Detroit Southern Pipe Line, the Plantation 
Pipe Line between Baton Rouge and 

Greensboro, N. C., and the Southeastern 
Pipe Line, which has recently been built 
between Port St. Joe, Fla., and Chat- 
tanooga, Tenn. It is a fair assumption that 
no one of the companies that have united in 
the construction of these lines had enough 
market for its own products in the territory 
served by the line to make a wholly owned 

-line show enough savings over former 
transportation costs to be economically 
justifiable. 


IMPORTANCE OF HicH Loap FACTOR 


The great influence of load factor on 
over-all costs of pipe-line transportation is 
primarily because it costs about the same to 
own and operate a pipe line of a given size 
and length regardless of the percentage of 
full capacity at which the line is being used. 
The capital costs, of course, are constant in 
dollars and the same applies to much of the 
administrative costs and to most items of 
pipe-line routine operation and mainte- 
nance. The pumping-station fuel will vary 
about in proportion to the quantities han- 
dled and the same is true to some extent of 
maintenance of pumping machinery, but 
probably 80 per cent of the total operating 
costs of a pipe-line system, including capital 
charges, are entirely independent of the 
volume handled. 

It will be readily seen, therefore, that in 
order to realize the full potentialities of pipe 
lines in reducing the transportation costs of 
petroleum and its products, not only are 
large-diameter lines effective but such 
lines must be operated at high load factor; 
that is, the average daily throughput 
divided by the throughput for which the 
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line was designed must show a quotient 
representing a load factor as near unity as 
possible. Storage tanks along the route are 
commonly used to increase load factor and 
the use of products lines to handle furnace 
oil in the winter, when gasoline consump- 
tion is usually lighter, is, of course, a valua- 
ble help in the same direction. 

This means that in designing pipe lines 
great care should be taken to make sure 
that they are built not so large in compari- 
son with the annual volume of crude or 
products expected to be handled through 
them that it will be difficult to operate them 
under an annual load factor of 75 per cent 
or better. 

A large line that would operate at 100 per 
cent load factor with a cost of say 3¢ per 
barrel per 100 miles would probably show a 
cost of about 3.25¢ at 90 per cent load 
factor, 3.63¢ at 75 per cent and 5.4¢ at so 
per cent, so that good load factor is fully as 
important as large volume in reducing costs 
of pipe-line transportation. 


DISCUSSION 
(L. F. Terry presiding) 


P. DisErEns,* Harrison, N. J.—Analogous 
presentations of the problem of gas pipe lines 
have been available for some time, but insofar 
as I know Mr. Hill is the first to discuss 
broadly the oil pipe line with special emphasis 
on the related engineering economic and 
practical factors involved. 

Mr. Henry C. Lehn, Consulting Engineer 
of Worthington Pump and Machinery Corpora- 
tion, has shown that the design of gas pipe 
lines, including a determination of the dimen- 
sions of the line, the pump-station spacing 
and other controlling factors, is subject to 
accurate mathematical analysis. Formulas sug- 
gested by him have been used extensively and 
are well known to the gas engineer. 

Mr. Hill’s comparison of costs of the 6-in. 
and 8-in. lines suggests the possibility of a 
mathematical solution such as Mr. Lehn’s to 
obtain the diameter for which the cost for a 


* Consulting Engineer, Worthington Pump and 
Machinery Corporation. 


244 ENGINEERING ECONOMICS OF 
specified delivery capacity will be minimum. 
The result would require modification to suit 
commercial pipe sizes, but, as in all solutions 
for minimum, the cost would be increased 
much less than the amount of deviation from 
the theoretical diameter for minimum cost. 
The formula would show, of course, the relative 
values of the various factors involved. 

In setting up the Lehn formula to show the 
minimum cost of an oil pipe line for a specified 
capacity, the steps are as follows: 

In the basic flow formula as given in Mr. 
Hill’s paper, 

KQ@’G 
pa Ae 


ON 
¢ (ar) 
the value of ~ depending upon the roughness 
of the pipe. Using the value of K as 0.00213 


and the corresponding other conditions, and 
putting 


K is of the form 


0.22T — nee 


Ti 
and 
N = 0.234 
there is obtained: 


T2 — 820\ 0.234 O1-77G 
P = 0.004 (—) a [1] 


and if the total installed horsepower is H cost- 
ing B dollars per horsepower, the total cost 
of the station is: 


ise 0.234 
B (2) X Q2-77GL 
the 
(Ca eee 


14,700,000frD4-77 


for smooth pipe, 


[2] 


r being the ratio of required to installed horse- 
power and £ the pump efficiency. 
The cost of the line may be written: 


C, = AIDL + cL 


where ¢ is the pipe thickness, A a constant 
involving cost of pipe and ¢ a constant inde- 
pendent of the pipe dimensions. The total cost 
of line and stations is then: 


C = AtDL + cL 


a 0.234 
B (7) x Q2-"GL 


14,700,000fr D4-77 


[3] 
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Then for the minimum 


do 
dD 
i 0.234 
B (7 =) x O2TIGL 
Aflae as ian 
3,070,000Er D*.77 
or 
, wees 0.04 0.173 
pts (T 820)9-04 (BG) Qe [4] 


hg AtEr 


In this equation Q is the predominating 


factor, variations in the relative costs of line ~ 


and stations are much less and variation in 
the viscosity is of no appreciable effect, except 


in its slight modification of the exponent of — 


Q. 
The graph of diameter, pressure and horse- 
power in Fig. 5 has been plotted, using the 
costs of stations and line as given in the article 
for the 6-in. or 8-in. line. The cost of $240 


given for the stations seems rather high. If — 
$150, then the line diameters would be reduced © 
about 8 per cent. Also, pipe quotations over a — 
considerable range of diameters indicate that — 


Af®-8 D106 [ represents the cost of the pipe 
more accurately than the straight-line equa~ 


tion, but as the total cost of the line is taken 


at a percentage increase over the pipe cost, in 


amount depending upon the nature of the ; 


terrain, this modification is not important. A 
constant should be added to the station cost 
also, but this, like the line cost constant, will 
disappear in the differentiation. 

For the oil pipe line various relationships 
appear that differ from corresponding ones in 
calculations for gas pipe lines, and that have 
the effect of eliminating several factors present 
in the latter. In particular, since the horse- 
power is directly proportional to the pressure 
drop, and the latter directly proportional to 
the length, the total horsepower is independent 
of the number of stations, which is not true 
for the gas pipe line. Further, the horsepower 
is dependent only upon the difference between 
the initial and terminal pressures, and not 
upon their absolute values, which is not true 
for the gas pipe line. For these reasons, the 
stress and the pressure drop between stations 
are eliminated as factors of the minimum. 
Otherwise expressed, the pressure range can 
be from 2000 to 1000 or 1100 to 100 without 


DISCUSSION 


affecting the solution. The expression for the 

minimum is thus more readily obtained. 
There are, of course, other items in Mr. Hill’s 

paper that deserve special comment. One in 
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that for the centrifugal pump running at 
constant speed and capacity the power required 
is affected substantially by the viscosity of the 
oil. An increase in viscosity from 30 S.U.S. to 
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Fic. 5.—PRESSURES AND DIAMETERS FOR MINIMUM TOTAL FIRST COST OF OIL PIPE LINES. 


particular is worth mention. On page 237 


~ Mr. Hill indicates that the power required for 


each station remains substantially unchanged 
when the viscosity of the oil to be handled 
changes from 150 S.U.S. at 60°F. to 300 S.U.S. 
at 60°F., “‘particularly if reciprocating pumps 
are used.”’ It should be remembered, however, 


200 S.U.S. would involve an increase in power 
of approximately 6 per cent and an increase 
from 30 S.U.S. to tooo $.U.S. would involve 
an increase in power of some 4o per cent. These 
facts must be taken into careful consideration 
in selecting the type of equipment best suited 
for handling any particular kind of oil. 


World Consumption of Petroleum and Its Substitutes in 1941 
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Wor tp consumption of petroleum and its 
substitutes in 1941, the amount of which 
obviously is largely conjectural, is esti- 
mated at 2,066,653,000 bbl. This is 
48,689,000 bbl. more than the previous 
year and is an all-time high. Except for 
the United States, this figure does not 
include consumption for military purposes. 
Consumption in the United States also 
reached an all-time high during 1941, 
totaling 1,492,000,000 bbl., or 158,230,000 
bbl. more than the previous peak year of 
1940. On the other hand, it is estimated 
that civil consumption in countries outside 
of the United States decreased 109,541,000 
bbl. as compared with the previous year. 

Demand for military purposes and/or 
additions to stocks in countries outside 
of the United States is estimated at 
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TABLE 1.—World Petroleum Balance Sheet 
THOUSANDS OF BARRELS 


Excess Production over 


304,507,000 bbl. during 1941, compared 
with 209,635,000 bbl. in 1940. This in- 
crease was due largely to blitzkrieg warfare 
on several fronts, especially Russia; entail- 
ing large expenditures of petroleum by 
both sides because of the immense area 
covered by the fighting forces, the long 
supply lines necessary and the intensity ~ 
of the fighting. . 

It is interesting to note in this connection 
that Axis-controlled countries, excluding 
Japan, had an estimated production of 
approximately 89,000,000 bbl. of petroleum — 
and its substitutes in 1941. The peacetime 
consumption of these countries in 1938, 
for example, was about 183,000,000 bbl. 
It is believed that the minimum to which > 
civil consumption could possibly be re-— 
duced in wartime is 20 per cent of that of - 
peacetime, which would call for a minimum 
consumption of 37,000,000 bbl. in these 
countries in 1941 for civil purposes. This 


ve * United States i 
Production | Civil Con- (aise 9 Miltecy 
of Petroleum] Sumption of Consump- 
Year and Its P ae ge tion pe 
Substitutes | , and Its United ; World |Excess Ex- Additi 
| fo) itions 
Substitutes States Foreign Total sted kes Stoalcs to Stocks 
1932 1,362,039 1,348,407 R13,011 26,643 13,632 28,781 1,792 2 
1033 1,467,128 1,406,023 67,427 R7,222 60,205 60,254 Bs EF rete 
1934 1,562,834 | 1,507,599 26,164 209,071 55,235 64,013 R37,849 93,084 
1935 1,702,703 | 1,614,475 53,027 35,201 88,318 75,474 22,447 110,765 
1936 1,864,007 | 1,795,560 52,200 17,228 69,437 74,890 R22,681 92,118 
1937 2,121,337 | 1,914,856 161,445 45,036 206,481 115,677 45,768 160,713 
1938 2,062,000 | 1,017,758 124,047 20,285 144,332 139,420 R 9,077 153,400 
1939 2,182,883 2,022,763 86,222 73,808 160,120 134,811 R30,082 190,202 
1940 ele 2,017,064 85,461 162,020 248,381 46,715 38,746 | 200,635 
TO41 2,300,160 2,066,653 R16,000 309,507 203,507 9,000 RII,000 304,507 


“Includes U. S. military consumption. 
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- would leave a balance of only 52,000,000 Japan must either capture new sources of 


“ 


bbl., or 142,000 bbl. daily, available for supply or continue to make withdrawals 
military purposes in 1941, so that any from storage. 


additional supplies must have come from 
2400 Tal ries a 
_ storage. sGeiel gies. in ys. stocks 
: ce 2000 or + fol SF 
Taking 20 per cent of the 1938 civil . = pst — ations 10 Stocks 
demand in Japan for petroleum and its 2 ie auction Toe are z 
5 d & (000) orl pee onset FOREIGN CIVIL CONSUMPT 
substitutes, a consumption that already <6 ore tae os 
had then been substantially reduced by ‘© 1200 gia a Seal 
the war with China, would give only 8 800 
5,000,000 bbl. The 1941 Production of 3 400|—|__[UNITED STATES CIVIL AND MILITARY CONSUMPTION 
petroleum and substitutes is estimated at 


4 i 4 0 Pilea ie 
8,200,000 bbl., leaving 3,200,000 bbl., or 1932 1933 34 1935 19% 1937 1938 1939 1940 T9a0 


peee bbl. daily, for e military 3 has ageaa FIG. 1.—WORLD PRODUCTION AND CONSUMP- 
indicating almost with certainty that TION OF PETROLEUM AND ITS SUBSTITUTES. 


TABLE 2.—World Production of Petroleum and Its Substitutes 
THOUSANDS OF BARRELS 


I940 1941 (Estimated) 
user Crud P 1 Crud Petrol 
rude etroleum rude etroleum 
Oil |Substitutes| Total Oil |Substitutes) Total 

IEE IGUALES 2 vtids ws shies code ae 1,353,214 66,017 1,419,231 | 1,400,000 76,000 1,476,000 
ISSR 0 3.7 a chee ee ae 215,409 1,300 216,709 226,000 I,500 227,500 
BMETIO ALCL Ce otc in Ravehcr «ve teehee as, Seid lel’ sd 184,761 1,000 185,761 222,000 I,200 223,200 
BEV EMMeT eyehepetc ie. Gase sth otae: agaeibuarorn wine. aba 78,592 I,000 79,592 78,000 1,000 79,000 
Netherlands Indies................. 60,830 2,000 62,830 61,500 2,000 63,500 
RVVERIGCO <n Clea sis Pvt ole aie Bee hn oa oid 40,350 I,000 41,350 41,120 800 41,920 
PER TUVELEDEUT Cava Cig cee stale ois ccetene Wheto Siaew o lor'e 43,231 2,500 45,731 36,000 2,100 38,100 
NESEE TTI GIT YON ws cic Mic, cp kori clans myo myeW pov 4,544 23,000 27,544 4,500 32,000 36,500 
SIGILORT INOS TS A cet Aare Aurea, AORN ea 26,007 900 26,067 24,000 850 24,850 
PATENT «1 a ete is, sete a ssa eaaal ves 20,486 500 20,986 22,000 500 22,500 
Mee tac Rs<., <taislla ees + alent e oa 20,219 300 20,519 21,000 300 21,300 
eon ibies oS OIG ckteen 2 Bele area nena 13,427 I,000 14,427 12,800 900 13,700 
(CHV ES IEW -e 2 Coens Oey ee cee 5,500 3,455 8,955 6,300. 3,800 10,100 
“TGS lis orice Sette le oars core nee 25,725 25,725 10,000 10,000 
Be Athen aie fc haa. « Grbereas ola tateuare ave 3,439 4,500 7,939 3,200 5,000 8,200 
LSTERTA) SAN = GgeCIoRO CRORE RET =< OREO ORE EERE 6,053 200 6,253 7,600 300 7,900 
ACEC SREY Sele BOL ae ean ea, < vices 7,979 I50 8,129 7,700 150 7,850 
Py titmevte UStaitG oti. et lware ce ss Witeese 33.0.0 7,047 160 7,207 7,000 170 7,170 
Wnited Kingdon. 2 ogee. «cee ce os 7,000 7,000 7,000 7,000 
Barawak and Brutel. i... eee 7,074 7,074 6,800 6,800 
Ad ATADIA . cet pte tas esleaha on oye 5,305 5,305 5,800 5,800 
I TRSGE GPRS Gy. aiehsche Meee 6 wleucteas “hers © 496 3,500 3,906 480 3,900 4,380 
1240; Pehe Xs Me ee ee ae 3,891 I50 4,041 3,300 130 3,430 
Hungary 1,755 100 1,855 2,500 150 2,650 
PRCA MEA) nrc y.role eles lave aac teeeliser ott 2,250 2,250 2,300 2,300 
DISTRI IGT 5 Hen RR ne 2,349 37 2,386 1,500 25 | 1,525 
NE ATIL A EI ions elite aire NOR 6 oo sais av sroyoue 1,659 1,659 I,400 1,400 
BUS HOTTA AR oles cebet'e iar eiaeetecs, ¥ e OOUaN OL aoe I,400 . 1,400 1,350 1,350 
J Revi ane Sa ages SR PR 719 719 700 700 
Miscellameous. 4 see pets. Sr cleo stages 445 2,300 2,745 735 2,800 . 3,535 
“ikvoy eS)... Shey” SECRET es eae ama tieNe, 2,142,876 | 123,460 2,266,345 | 2,216,235 | 143,925 2,360,160 
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TABLE 3.—World Consumption of Petroleum and Its Substitutes 
THOUSANDS OF BARRELS 


1940 1941 
Country Motor ; Kero- ;Gasand| Lubri-| Miscel- Total Motor | Kero- }Gasand| Lubri-| Miscel- Total 
Fuel sene |Fuel Oil| cants | laneous g Fuel sene |Fuel Oil| cants | laneous 
United States........ 596,6402] 68,776) 501,014] 24,690] 142,650] 1,333,770} 671,000°) 70,000) 560,000) 32,000 159,000} 1,492,000 
Russia............-.-| 29,500 | 46,000) 72,000] 10,000) 22,500) 180,000} 23,000 | 38,000) 54,000) 7,500 16,000} 138,500 
Canada) sais. acts: 26,413 833] 20,298} 1,379} 4,500 53,423} 22,000 800} 22,000) 1,400} 4,500 50,700 
Argentina. «5... 0% 06 8,530 1,300} 20,000} 500} 2,520 32,850} 8,500 1,300} 20,100 600} 2,500 Hl 
United Kingdom...... 22,000 3,800] 20,000} 2,000) 2,200 50,000} 13,000 2,000} 14,500) 1,200} 1,300 32,000 
SAR reins haat sis sas 8,000 1,500} 12,800} 1,800] 2,100 26,200) 7,200 1,400} 14,000} 1,700} 2,000 26,300 
Mexieo jews’ oss gous. 4,209 1,062} 13,844 269} 3,905 23,289} 4,300 1,100} 14,000 280} 4,000 23,680 
Germany............. 14,000 500} 14,200) 2,300} 4,000 35,000; 7,000 400} 9,500} 1,500} 2,600 21,000 
Netherlands West 

Tntliagy secre, aicles as 230 50} 13,000 50} 3,400 16,730 250 50} 15,800 60} 4,000} 20,160 
British India (ex. 

Burmia)\,csssecees 3,000 | 6,000} 5,000} 950 850 15,800] 3,000] 6,000} 5,000} 950 850) 15,800 
tally clactwcecins tetas 2,500 500} 9,500) 750 800 14,050) 2,100 560} 10,000} 720 800 14,180 
Australia = chc.iiccs 9,500 1,100} 3,000 450 900 14,950) 7,000 1,000} 3,200 400 800 12,400 
Rumania. 2/.< <0 1,200 1,450) 8,947 180} 1,300 13,077 ‘ 1,300} 8,200 170} 1,100 11,770 
Netherlands East 

Undieaue oc. cise orteee 1,500 2,000) 6,250} 250) 1,500 11,500) 1,500 2,000} 6,500 260} 1,500 11,760 
Venezuela............ 1,345 206} 8,000 90 400 10,041} 1,400 210} 9,000 100 4 11,110 
Byran0e', 4. ssssiei's hare 9,800 700} 8,000} 1,000} 2,000 21,500} 3,000 300} 5,300 400} 1,000 10,000 
Union of South Africa.{ 5,850 650) 3,150) 350: 500 10,500} 5,000 500} 3,100) 320 400 9,320 
Tran aware ssn 550 1,050} 5,400 360} 2,300 9,660 520 1,000} 5,200 340} 2,100 9,160 
Brazile ceviwases sche 3,200 800} 4.700 300 9, 2,800 7 4,500 290 450 8,790 
ayia wierewtrens ton oh 830 2,300] 3,000 170 400 6,700 2,500) 3,100 180 430 7, 

Cuba 2 Feevweciesvien 820 100} 4,100 60 140 5,220 870 110} 4,900 70 160 6,110 © 
British Malay........ 1,100 400) 3,400 130 230 5,260} 1,150 450} 3,700 140 230 5,670 
Chile isa aoe Sakae 900 60} 4,100 95 80 §,235 910 65| 4,300 100 90 5,465 
Trinidad 20.9/<!s:n.is)ai0%0 135 70| 4,330 35 430 5,000 140 75| 4,600 40 450 5,305 
URUBUAY Tee oc eee ale ote 900 300} 3,500 80 130 4,910 950 310} 3,600 80 120 5, 
Philippine Islands..... 1,200 380} 2,550] 120 150 4,400] 1,250 400} 2,700) 130 160 4,640 
Hawaiian Islands..... 1,260 200) 2,595 145 100 4,300} 1,300 200} 2,700 150 110 4,460 
New Zealand.........} 2,900 220} 1,200 135 280 4,735| 2,600 210} 1,200 130 260 4,400 
China aos. iiatidoeocdss 790 1,600} 1,400 190 230 4,210 770 1,500} 1,400 190 230 4,090 
Panama Canal Zone... 150 30) 2,950 30 40 3,200 160 30]. 3,100 30 40 3,360 
Netherlands.......... 1,600 1,000} 2,000 300 400 5,300 900 500} 1,480 120 200 3,200 
Colombia oa-.escarce 1,112 130} 2,100 40 160 3,542} 1,100 120} 1,800 40 140 3,200 

4 SNA aC ER eee ca 833 186} 1,948 30 200 3,197 810 180} 1,900 30 180 3,100 
Adon jc rns site s'sguas-< 20 13) 4,875 2 90 5,000 14 10} 3,000 1 50 3,075 
Spauis ses nndemeare 2,300 120} 1,320 140 120 4,000} 1,600 100} 1,100 120 100 3,020 
Swedeneiacsesse vee 2,200 300} 1,650 150 200 4,500 A 200] 1,590 80 130 3, 
OOglOne reuse scelace'ere 340 210} 2,300 25 75 2,950! 300 200} 2,300 20 70 2,890 
Puerto Rico.......... 570 90] 1,150) 40 50 1,900 600 90] 1,300 50 60 2,100 
Trish Free State....... 1,000 500 300 70 230, 2,100 900 500 290 60 220 1,970 

BMGICR ccc sax <sivieo 200 60] 1,390 10 40 1,700 230 70} 1,600 15 1,965 
Denmark, </scccis8 5 1,100 400} 1,140} 110 150 2,900 500 300 830 70 100 1,800 : 
PIOUS. carcie'cietas s\e)s 1,700 90} 1,030} 230 250 8,300 700 250 510} 140 200 1,800 
Palestine........0...+ 360 440 670 30 200 1,700 320 400 700 30 180 1,630 
NOPWAW) 10h sicko 800 150} 1,120 40 90 2,200 500 140 860 30 70 1,600 
Hungary.......0.-+: 610 500 490} 100 100 1,800 530 400 400 80 80 1,490 
Hong Kong.......... 100 80} 1,050 40 30 1,300 100 80} 1,100 40 30 1,350 } 
Portnlcat sre neve xs 620 380 450 80 50 1,580 500 300 400 60 40 1,300 t ' 
TRAC Saamanttites aides 250 190} 2,115 45 600 8,200 100 80 800 20 250) 1,250 
Borman geen toca bs 160 40, 40 200 1,240 150 40 800 40 200 1,230 
French West Africa. . . 220 80} 2,860 30 10 3,200 40} 1,000 14 1,149 
Guatemala........... 135 20 9 10 35 1,100 130 20 870 10 40 1,070 : 
GreBO8 aie ainsid o's araieis 6 550 150} 1,650 70 100 2,520 160 80 680 30 50) 1,000 
Switzerland.......... 600 70} 1,140 15 75 1,900 180 40 635 5 40 900 | 
Turkey veri. ie aevaon 380 300 380 50 15 1,125 300 220 304 36 10 870 
Winland i ccisa cei ena 540 200 50 50 60 900 410 160 40 40 50 7 
Kenya and Uganda | 

(ine. Zanzibar)..... 350 80 250 30 20 730 270 60 210 20 10 570 : , 
Alporiaity dais ens seeeite 550 180 260 50 60 1,100 250 90 110 20 30 500 
French Morocco...... 510 60} 210) 30 90 900 210 35 100 15 40 400 
Yugoslavia........... 310 200 320 60 110 1,000 110 100 130 20 40 400 
Poland...... peas ils Included with Germany Included with Germany 
Czechoslovakia....... Included with Germany Included with Germany 
Miscellaneous........ 5,078 | 2,462 429) 55 1,050 13,570} 4,024] 1,839} 3,859) 404 748 10,874 


784,050 | 152,618] 822,575] 51,326] 205,895! 2,017,964! 811,508 | 141,164| 849,898] 53,090] 210,993) 2,066,653 
@ Includes 7,150,000 bbl. of butane propane. © Includes 9,000,000 bbl. of butane propane. 
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Chapter IV. Production 


Introduction 


By James Terry Duce,* MremBer A.I.M.E. 


THE symposium on production for the 
year 1941 contains few papers on the for- 
eign situation. Rigid censorship prevails in 
various countries, as the question of the 
volume of petroleum supplies has become 
one of great strategic importance. This is 
even truer than in the last war, owing to 
greater mechanization of armies. 

It has always been the policy of officers 
in charge of the symposium to refrain from 
publishing information that might possibly 
injure national or private interests. At the 
close of the war we hope again to publish 
full and accurate records of production 
abroad. 


EXCERPTS FROM CIRCULAR TO AUTHORS 


In order to facilitate interpretation of 
the data in this chapter, we print the fol- 
lowing excerpts from the Circular to 
Authors. 


The field is the unit in this tabulation. In 
cases of fields extending across State bound- 
aries, such as Rodessa, it is suggested that 
each State author treat the section of the field 
in his State as a unit, and by a footnote indicate 
that the field extends into an adjacent State. 

Each space in Table 1 may represent one of 
four possibilities; either it is not applicable to 
the particular field, or the proper entry is not 
determinable, or the proper entry may be 
determinable but is not determinable from 
data available to the author, or the proper 
entry is determinable. When spaces are not 
applicable, leave blank; in spaces where the 


* Director and Vice President, California Arabian 
Standard Oil Co., San Francisco, Calif.; Chairman 
for Production, A.I.M.E. Petroleum Division, 
1936-1042. 


proper entries are determinable but not de- 
terminable from data available to the author, 
please insert y; in spaces where the proper 
entries are determinable by the author, make 
such entries. y implies a hope that in some 
future year a definite figure will be available. 

The entry of a zero is a positive declaration, 
and an important declaration where it is in 
order. 

Inability to determine precisely the correct 
entry for a particular space should not lead 


the author to insert merely y. Contributions — 
of great value may be made by the author in — 


many cases where entries are not subject to 


precise determination. In such cases the 


author should use his good judgment and make 


the best entry possible under the circum-— 


stances. For many spaces the correct entries 
represent the opinion of the author (for ex- 
ample, ‘Area Proved’’) and in such cases the 


entry need not be hedged to such extent as 


when the quantities are definite yet can be 
ascertained only approximately by the author. 
In cases under definite headings but where 


figures are only approximate, the author may ~ 


use x. 

It is thought that the nearest whole numbers 
are sufficiently accurate for our purposes ex- 
cept as to percentage of sulphur in oil. If an 
author desires to report any other figures to 
tenths, he may do so. 

The quantity of gas produced should include, 
where possible, gas sold or otherwise marketed, 
and gas blown into the air, burned as flares or 
otherwise wasted. Segregation of these figures 
would be interesting if the authors can make 
such segregation. In any event, the figures 
should represent as nearly as possible the total 
quantity of gas removed from the reservoir. 

Under the columns on “Depth,” the average 
depth to the top of the productive zones and 
to the bottom of the productive wells, when 
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subtracted, should give the approximate 
_ thickness of the productive zone. For fields 
where this is not true because of unusually 
high dip or for some other reasons, it is sug- 
gested that the authors indicate in their text 
the approximate average thickness of the 
productive zone. 

The net thickness of the producing formation 
should be the thickness of the producing zone, 
less the estimated amount to cover the portions 
of the zone that do not yield oil, such as dense 
shales, etc. It is recognized that for some 
fields the authors can only make rough guesses; 
in such cases, they should enter either x or y, 
_ whichever is appropriate, and production per 
- acre-foot will have to be treated in a similar 
manner. Average production per acre-foot can 
be calculated by those interested from the 

figures given. 
 Inclassifying wells as to producing methods, 
enter all wells that are not “flowing” in the 
_ column headed “ Artificial Lift.” If desirable, 
add footnotes to indicate whether the lift is 
“pumping,” ‘gas lift” or “‘air lift.” 

It is recognized that for many fields it would 
be very difficult to determine accurately the 
quantity of each gravity of oil produced. How- 
ever, the approximate weighted average 
gravity, which will be representative of the 
total production can be determined sufficiently 
accurately to constitute significant information. 


FOOTNOTES TO COLUMN HEADINGS— 
TABLE I 
@ Ajl fields to be listed alphabetically for the 
district; or alphabetically by counties in 
alphabetical order. 
> Areas where both oil and gas are produced, 
unless gas is marketed outside the field, are 
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included in column headed “‘Oil.’’ Manufacture 
of casinghead gasoline and carbon black is 
interpreted as outside marketing of gas. 

¢ Wells producing both oil and gas are classi- 
fied as “Producing Oil.’? Gas wells are those 
producing gas, but include those producing 
wet gas, from which casinghead gasoline may 
be produced. 

4 State by letters, as indicated, type of oper- 
ation: PM, pressure maintenance from early 
life of field; RP, field repressuring in its later 
life; SR, repressuring operations of secondary 
recovery type. 

¢Cam, Cambrian; Ord, Ordovician; Sil, 
Silurian; Dev, Devonian; Mis, Mississippian; 
MisL, Lower Mississippian; MisU, Upper 
Mississippian; Pen, Pennsylvanian; Per, Per- 
mian; Tri, Triassic; Jur, Jurassic; CreL, Lower 
Cretaceous; CreU, Upper Cretaceous; Eoc, 
Eocene; Olig, Oligocene; Mio, Miocene; Pli, 
Pliocene. 

/S, sandstone; H, shale; L, limestone; OL, 
odlitic limestone; LS, limestone, sandy; C, 
chalk; A, anhydrite; D, dolomite; Da, arkosic 
dolomite; Gw, granite wash; P, serpentine; Cgl, 
conglomerate. 

9 Figures are entered only for fields where 
the reservoir rock is of pore type. Figures rep- 
resent ratio of pore space to total volume of net 
reservoir rock expressed in per cent. “Por” 
indicates that the reservoir rock is of pore type 
but said ratio is not known by the author. 
‘“Cav’”’ indicates that the reservoir rock is of 
cavernous type; ‘‘Fis,” fissure type. 

4 A, anticline; AF, anticline with faulting 
as important feature; Af, anticline with faulting 
as minor feature; AM, accumulation due to 
both anticlinal and monoclinal structure; H, 
strata are horizontal or near horizontal; MF, 
monocline-fault; MU, monocline-unconform- 
ity; ML, monocline-lens; MC, monocline with 
accumulation due to change in character of 
stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with 
accumulation due to sealing at outcrop by 
asphalt; D, dome; Ds, salt dome; T, terrace; 
TF, terrace with faulting as important feature; 
N, nose; S, syncline. 


Oil and Gas Development in South Arkansas in 1941 


By Atec M. CRoweEL1* AND J. W. SANDERS,t MemBers A.I.M.E. 


WHILE the production of crude oil and 
condensate in South Arkansas increased 
only 1.7 per cent over the 1940 figure, 
complete utilization of gas produced with 
the oil and condensate, and heretofore 
wasted, was beginning to be evidenced. 
There were 26,229,264 bbl. of oil and 
condensate produced in South Arkansas 
during 1941, as against 25,790,380 bbl. for 
the year 1940. (Fig. 1.) 

Since 1936, deep producing sands have 
been discovered in 18 fields and during 
that period only 40 per cent of the total 
state production has come from Upper 
Cretaceous formations while 60 per cent 
came from the Lower Cretaceous and 
Jurassic formations. The gas produced with 
crude oil and condensate from the latter 
formation contains large quantities of 
hydrogen sulphide, the maximum being 
6900 grains per too cu. ft. in the Patton 
pool of Lafayette County. 


GAs UTILIZATION 


During the latter part of 1940 and the 
early part of 1941, pilot plants were placed 
in operation to determine whether the 
hydrogen sulphide and deleterious material 
in South Arkansas gases could be removed 
economically. The Federal Government de- 
sired to build a large aluminum plant in the 
Ouachita Valley and was seeking cheap fuel 
for the generation of electricity. The fact 
that the gases were produced with appreci- 
able quantities of crude oil and condensate 
made it available at a very low price, since 
the state’s conservation law prohibits the 


Manuscript received at the office of the Institute 
Feb. 2, 1942. 

* Director, Arkansas Oil and Gas Commission, 
El Dorado, Ark. 

ft Petroleum and Natural Gas Engineer, Arkansas 
Oil and Gas Commission, 


flaring of any gas. As a result of these 
experiments the first large-scale unit for 
the processing of gases containing hydrogen 
sulphide was placed in operation on Sept. 
Tya94E 

The plant is in the Magnolia oil field, 
Columbia County. It processes residue gas 
from the Shell Oil Company’s gasoline 
plant in that field and also raw gas from 
the Village field, 6 miles east of the Mag- 
nolia field. The gas entering the desulphuri- 
zation unit is laden with approximately 
1400 grains of hydrogen sulphide per 
100 cu. ft. and is stripped to a content of 
4 grains per roo cu. ft. The capacity of the - 
plant is 15 million cu. ft. of gas treated 
daily under a pressure of 160 lb. per sq. in. © 
The cost of treatment, exclusive of depreci- 
ation, is appreciably less than r¢ per 
1000 cubic feet. 

Two other plants of much greater 
capacity have been announced and priori- 
ties have been granted, which should bring © 
the total amount of gas treated to 150 
million cu. ft. daily. The gas to be treated 
will have a maximum hydrogen sulphide © 


content of 4500 grains per roo cu. ft. and 


will be processed under a pressure of 
600 lb. per sq. in. These developments are — 
something entirely new in field practice 
for the industry. 

The fact that this heretofore wasted gas 
is available at very low cost has led to the — 
location of some eight war industries 
within the state, in addition to the alu- 
minum plant. 


RECOVERY OF SULPHUR 


The Susearch Corporation and the 
Southern Acid and Sulphur Co. placed in 
operation during 1941 pilot plants to de- 
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SOUTH ARKANSAS 
YEARLY PRODUCTION OF CRUDE OIL AND CONDENSATE 
DISCOVERY YEAR OF VARIOUS POOLS INDICATED 


@ Restricted 
OD unrestrictes 


Champagnolie (Rainbow) 
Mt Holly, Stephens, Mocedonia, Patton 


Big Creek, Dorcheat, Lawson Lewisville 
Fouke,M&Komie, Nick Springs 


East El Dorado, Smachover, Stephens 
Atlanta, Faicon,Mognolia Village 


Millions Of Barrels Of Oil Produced 


Buckner, Rodessa, Schuler 


Garland City 
Snow Hill, Troy 


TYPE POOL INFORMATION GATHERED IN “PRESSURE MAINTENANCE” PRORATION 
Acre-Pound Formula , 40 Acre Units, Optimum Rate Control 


MAGNOLIA POOL 
Columbia County 


8 
(o} 


eee, 


Gas-Oil Ratio 


Gu. Ft. Per Bol. 


[Daily Oil Production 


Average Daily Oi! Production 


Producing Wells 


Prod-Oi! Bbls. Per Acre Per Month 
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TABLE 1.—Oil and Gas Production in South Arkansas 


Oil-pro-— 
: : Total Gas . duction 
Area Proved, | Total Oil Production, Beaduuiion Number of Oil and/or Methods, 
Acres Bbl. Millions Cu. Ft. Gas Wells End of © 
1941 
During Number! 
Field, County 1941 | End of 1041 | oF Wells 
B << |——— 
5 5 To End of | During | To End | During | 6, EI : 
F | Oil | Gast |““jo41 | “1941 | of tog | iste |SE/_ [oleae] |S 
g 3 35/2) 5/28|2 |e) ela 
Zz 9 Bey | 21S as 3. | S/-2 e a 
2 3 BS || 8|84| 5 (2/3 | £3 
ia m 821S 222 ES Ele | & 
1| Atlanta, Columbia... 1938 800 0 1,848,431} 1,016,236 2,513 1,626 21; 5) 1 0} 20] 0} 18) — 2 
2| Big Creek, Columbia |1939 02) -4002 68,030 42,455 1572 1,061 1; Oo} 0 0 0} 1) 1 0 
3| Bradley, Lafayette. . .|}1925 80 0 186,705 0 0 ams 6} 0} OF} 0 0| 0} 0 0 
4| Buckner, Columbia, { 
Lafayette......... 1937) 1,040 0 2,657,401) 815,161 680 220 26}. 4| 0 0 26} 0} 13 13. 
5| Camden, Ouachita. .|1934 10 0 37,850 0 0 0 4). GT) “6 0} 0} 0 0 
6| Champagnolle, 
Onion. as te seraee 1927) 2,040 x 14,956,356] 334,576 z z 240} 3] 9) 10 73| 1] 0 73 
7| Dorcheat, Columbia. |1939 720 0 1,124,828] 669,338 | 11,369 7,080 18} 10} 0} O 18] 0} 18 0 { 
8} East El Dorado, | 
Union?.....00008- «- 1922} 1,420 z 9,517,591] 105,416 F z 195} 4) 8 0} 50) 3) 0 50. 
9| El Dorado (South), 
UntoneSiavaceie's 1920} 8,000 z | 48,358,567] 422,052 z QO |1,116] 1} 7} 18} 196] 0} 0} 196 
10| Fouke, Miller....... 1940} 280 0 201,970) 156,405 2a x 7} 5} O| 0 6| 0} 0 6 
11| Garland City, Miller |1932 300 0 2,042,475 81,745 z x 28) 0} 19) O 9} 0} 0 9 
12| Irma, Nevada....... 1921 900 0 7,062,889} 203,554 z 0 150} 0} O| 4 73} 0} 0 73 
13] Lewisville (Stamps), . 
Lafayette......... 1939 400 0 466,227 99,407 2842 59x 19} 1] 0 0 19] 0} 0 19 
14| Lisbon, Union..... _. {1925} 2,700 x 6,774,999 67,819 F 0 356} 0} O 0} 143) 0} O} 143 
15|Macedonia, Columbia|1941 02/1,000 129,562} 129,562 1,749 1,749 7| 7 0 0 0| 7) 7 0 
16] Magnolia, Columbia. |1938] 4,600 }1,200 18,225,782] 7,122,807} 15,950 6,332 116} 1} 1 O} 115} 0/113 2 
17| McKamie, Lafayette . |1940 02/2,400 971,707} 895,562 6,726 6,179 15] 12} 0 0 0)15) 15 0 
18) Mt. Holly (McDon- 
ald), Ouachita... .|1929 60 0 117,085 04 0 0 6] 0} OF O 0} 0} 0 0 
19| Mt. Holly, Union... |1941 802 0 10,423 10,423 42 42 1j 1] 0} O 1; 0} 1 0 
20) Nick Springs, Union |1940 130 0 487,132} 306,6625 0 0 14] 1} 1 0 13] 0} 1 12 
21) Patton, Lafayette... .)1941 40 0 12,792 12,792 102 102 Tedlco 0 1) 0} 1 0 
22| Rodessa, Miller... .. 1937) 2,150] 200 6,308,434] 499,044] 34,184 1,852 123} 0} 5 0 66} 7) 0 66 
23] Shuler, Union..... . 1937} 5,450] 400 | 26,504,289) 6,026,314 | 31,445 7,120 180} 3] 1] 99 75| 0| 60 15 
24 Morgan sands. .|1937| 350 0 2,291,426) 223,896] 1,8442 1742 18} 3] 0} O} 13) 0} 2) 
25 Jones sand.....|1937) 4,000} 200 | 21,001,197) 4,925,362 | 26,522 6,174 146} 0} 0} 99 47| 0) 43 4 
26 Reynolds odlite. |1937} 1,100 | 200 3,211,666] 877,056} 3,079 772 16} 0; 1) O} 15] O} 15 0 
27| East Shuler, Union. .|1941 160 0 36,322 36,322 246 246 4) 4) 0 0 4; 0) 4 0 
28| Smackover, Ouachita 
Union, : sctieaes » 1922] 25,760 x {389,304,369} 5,352,519 x xz |3,759| 16] 20} 45/1,619 0} 1,619 
29 Heavy sh siveaes 1922] 16,000 x |333,927,889] 4,685,239 2 x vy} 1) y} 39) 1,149] 0} 0) 1,149 
30 Light is-cwess cs ov 1922| 9,600 a | 55,161,677} 639,797 x x y| 15} 20 6| 467] 0} 0| 467 
31 Snow Hill...... 1936 160 2 214,803 27,483 0 6} 0] 0 3] 0} 0 3 
32] Stephens, Columbia, 

Nevada, Ouachita .|1922} 3,000 x 6,801,930} 247,905 x x 317} 11] 10} 0} 199] 0] 0] 199 
33| Troy, Nevada....... 1936] 500 0 1,968,110] 379,555 2 x 48] 13} 0} O} 41/0) O| 41 
34| Urbana, Union ..... 1930 500 0 6,253,411] 834,801 x Fd 84) 15] 0} OO} 49] 1] 35) 14 
35] Village, Columbia. . .|1938 600 0 1,153,282} 360,832 5,694 1,732 12} 1} 1 0 11) 0} 11 0 


36 Total renee ee 147,643 |6,000-+-1553,588,949|26,229,264 | 112,558-+| 35,400-+-| 6,871/119| 84| 171] 2,827!35|29081 2,552 


’ Footnotes to column heads and explanation of symbols are given on page 250. 
1 Including several small producing areas. 
2 Areas of Big Creek, McKamie, Macedonia, Mt. Holly, are not yet fully defined. 

_ 8 Big Creek and McKamie are classified as ied fields; however, the latter produces a considerable quantity of high-gravity oil or 
distillate. Although Dorcheat is officially termed an oil field the fluid produced and the gas-oil ratios are comparable with those of 
esi Villa, ondlpoapege high gas-oil ratios. Magnolia and the Jones sand and Reynolds odlite of Schuler have gas caps which 
are not being produced. . 

4 Fields a ele a in 1931. ° Producing from five sands in the upper part of the Hosston formation. 
5 Gas volume produced is estimated from average gas-oil ratios. 
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TABLE 1.—(Continued) 
Reservoir 
ee : Character of Oil Producing Formation oo ae 
Sq. In. 
Depth, Avg. Ft. 
ee 4 a 
3 Initial zy Bs, Ay Name Agee < ae} Name 
g m 1g.el< pt FS PT S 3 Sy so iar me 5S: 
Ss 43a ae Soma oo} wo a mb S ge “Sy | Sm 
Zz 8S |S eleo we) BO 3 |‘2| fe 6a |e .| 8 As 
2 poe |B. Eas e| $5 3 zB as Se lee! 2 as 
Aa] > leOl5* aM Se ee | SS a see eae am 
1) 3,844 |3,580 45.3 |0.47 | Reynolds Jur OL 15 8,202 |8,227 | 25 A |Smackover | 8332 
2) 3,723 | 3,723 68.6 |0.05 | Reynolds Jur OL |13.4| 7,959 |7,995 | 36 A | Smackover 7,999 
3 y 26.3 10.43 | Buckrange CreU S |Por| 2,785 |2,790 5 A | Paluxy 3,555 
4|3,200 | 2,640 31.5 (2.0 Reynolds Jur OL {15 7,200 |7,260 | 30 A |Smackover | 7,444 
5 y y se : : 2.56 papaiock aul S | Por gece 1,369 | 18 | ML | Hosston 2,500 
* 1.42 okio re 178 2,800 . 
6} v| 4 11340 [2:00 | Travis Peak Gre }| 8 [Por] {3'340 |3'350} | 15 | NE Facies @0u 
7| 4,248 | 3,531 57.4 |0.55 | Reynolds Jur OL {15 8,815 |8,875 | 60 A |Smackover | 9,028 
8 y y { ae pine \ Nacatoch CreU S |Por| 2,170 |2,180 | 10 | TL | Cotton Valley | 6,003 
2,100 
9 y y 33.2 |1.15 | Nacatoch CreU S | Por | 3500 2,177 | 20 | ANL|Smackover | 7,820 
10) 1,485 30.3 /1.30 | Paluxy Cre | 8 | Por! {3882 [3607 | 281) F |Smackover {9,550 
2,925 |2) 
PAT y 14 pias See \ CreL § |Por { 7300 md } 10 | ML |Smackover | 7,310 


42.7 10.66 (es ont OL-S |17 | 3,400 {3,500 |20 | TF |Smackover |7,420 


y 
y 
12 y y 14.1 |2.70 | Nacatoch CreU S |Por| 1,150 |1,179 | 27 | AF | Travis Peak | 3,735 
“3 Rodessa CreL 
y 


14 y 34.0 |1.08 | Nacatoch CreU § Por| 2,100 |2,120 | 20 | ML |Smackover | 6,821 
15| 4,130 | 3,981 62.1 |0.13 | Reynolds Jur OL {14 8,870 18,955 | 75 A |Smackover | 9,020 
16|3,465 | 3,129 39.2 |0.90 | Reynolds Jur OL /16.1} 7,350 {7,600 |100 A | Smackover 7,824 
17| 4,365 | 4,233 58.3 |0.30 | Reynolds Jur OL |Por} 9,125 {9,300 |106 A ar Mills | 9,980 
salt 
18 y x 30.0 jy Hosston CreL S |Por] 2,800 |2,813 7 | MU | Hosston 3,378 
19|3,180 | 3,160 40.0 |0.77 | Reynolds Jur OL Gee ie ate 26 A |Smackover | 7,373 
or 
20/ 1,600 y oy 0.80 | Hosston CreL 8 { 5.0| 3.736 area 30 | AF |Smackover | 6,819 
21| 4,380 | 4,110 47.5 {0.60 | Reynolds Jur OL |Por| 9,312 |9,503 | 30 A |Smackover | 9,503 
22) 2,500x y 42.9 |0.38 | Rodessa CreL_ | LS-OL |30 6,050 |6,100 | 25 } AF | Rodessa 6,514 
of 2,000x £ 41.9 |0.56 | Cotton Valley | Jur 5 16 5,600 |6,975 | 30 | AL |Smackover | 8,328 
25|3,520 |1,491| RP | 34.6 |1.46 | Cotton Valley] Jur S |20.2] 7,580 | 7,610 | 42 A | Smackover 8,328 
26|3,465 | 3,129 36.8 |0.91 | Reynolds Jur OL /16.7| 7,600 |7,635 | 26 A | Smackover 8,328 
27| 2,509 | 2,200 45.2 |0.36 | Cotton Valley | Jur § |25 5,580 | 5,810 14 | AL | Smackover 7,702 
28 
19.8 |2.02 | Nacatoch 2,000 | 2,025 j 
29 y y Hee 2.36 | Graves CreU i) Por }2.400 2,475 + | 40 Af |Bagle Mills | 7,255 
Tokio pe au salt 
: p 1.77 | Nacatoch ,000 0! 
go] v| vf SR] {20-8 |b-37 |Nacstorh FH /creu | 8 |Por| {5/75 |2'300}| 80 | ALE |Teneous {7,973 
31 ca £ 36.2 |1.08 | Reynolds Jur OL /25.0} 4,800 |4,960 | 30 | AF Bagle Mills’ | 5,708 
2 sa 
3 2.87 | Nacatoch 1,500 | 1,510 15 
32 y | y ae 160 Backring \ CreU S| Por {2:0 2110 3} NLF| Smackover | 6,053 
ee ene iit Be Ree bc" 8° | Por || 2160 zie | 10 | F | Wagle Mills | 6,148 
; 2.03 | Nacatoch CreU 2,270 : 
psa) c |. @} | aey (tte | Boaston Gey] 8 [Por {5'540 |3'560}| 10 | A. | Cotton Valley | 4,501 
-35/3,350 |3,255] -[{5!-8 10-28} |smackover [Jur | OL [14 | 7,900 [7.450 | 50 | A |Smackover 7,603 


— 
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termine the feasibility of transforming to 
commercial sulphur the hydrogen sulphide 
removed at the plants. These experiments 
have been successful and two large sulphur- 
recovery plants will be built. Utilization of 
production from gas-distillate wells, there- 
fore, is complete in South Arkansas. The 
fact that an active water drive exists in all 
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Lafayette County, discovered a Smackover 
limestone pool as the year ended. Produc- 
tion from the pool was not put into the 
tanks until Jan. 1, 1942. However, some 
testing was done the last week in 1941. 
The formation uncovered consists of three 
stratigraphic members. The top, or odlitic 
limestone, was encountered at 6304 ft. 


TABLE 2.—Lease Blocks Held in 1941° 


Block Acres | County peccenes 
Pigeon) Hall sia siete 10,000} Bradley 16-17S-12W 
State Line......... 1,720| Columbia | 3-4-20S-21W 
Sprig stil oe ner 3,000] Columbia | 12-20S-23W 
Magnolia Townsite.| 1,200] Columbia | 23-17S-21W 
College Hall. 240... 2,500| Columbia | 13-15S-20W 
Emerson. . ...] 4,000] Columbia | 26-18S-21W 
E. McNeil. 1,800] Columbia 
Smithland... 2,500| Columbia 
May loraeccres 2,500] Columbia 
S. E. Village. 1,760} Columbia 
10-17-22 : 1,500] Columbia 
Stanipalemis sce ee 1,720| Lafayette 
Patton: 2 wiienieenats 5,000] Lafayette 
Kress City.cnecon 2,640] Lafayette 
N. McKamie...... 2,000| Lafayette 
Texaricanaye sconces 2,500| Lafayette 


W. Lewisville...... 
Lisbon Townsite.... 


Lafayette 
Union 


New London....... 2,000] Union 
i Bankes J eftee cranes 8,800] Union 
Caledonia ci... 3,000] Union 
Wilmington........ 1,000] Union I5-17S-13W 


* Not tested. 


Lessee Formation Expiration Date 
C. H. Murphy, Jr. | Smackover lime | 1947 
Magnolia Prospect 1047 
Magnolia Prospect 1947 
Phillips et al. Prospect Mar. 1942 
Carter Prospect Mar. 1948 
Carter Prospect 1946 
Carter Prospect bee 1949 
Carter Prospect ec. 1941-1942 
Carter Prospect Dec. 1947 
Carter Prospect July 1948 
Carter Prospect IQ5I 
Grimes Bros. Prospect 1945 
Tide Water Assn. | Prospect 
Sinclair-Prairie Prospect 1950 
Carter Prospect 1949 
Carter Prospect April 1949 
Carter-Texas Prospect 1949-1950 
Lion Oil Prospect 1949-1950 
Phillips et al. Prospect 19490 
Root-Murphy Prospect 1947 
Carter Prospect June 1948 
Stanolind Prospect Feb. 1949 


>’ Explored by seismograph. 


limestone fields precludes the necessity of 
repressuring to prevent underground con- 
densation of gas. 


New FIELps 


Three new deep limestone pools, Mace- 
donia of Columbia County, Mt. Holly of 
Union County and Patton of Lafayette 
County, were discovered during the year 
1941. Other discoveries were in the Cotton 
Valley formation, being East Schuler of 
Union County, “‘Smart area” of Stephens 
in Columbia County, and the Catesville 
pool, which produced intermittently after 
its discovery but was abandoned by the 
end of the year with only one well drilled. 
None of the pools mentioned is fully 
developed. 

The Barnsdall Oil Co., in its Edgar Bond 
No. 2 well, sec. rr, Ti 15-Ss "Re 24 9W; 


and extended to a depth of 6373 ft. This 
member was highly saturated and had a 
relatively high permeability and porosity. | 
The second member was a dense, banded 
lime and was found to have a relatively 
low permeability and porosity. The third | 
or lower member extended from 64109 ft. to 
the indicated water level at 6520 ft. This 
member was soft and cavernous but some- — 
what less permeable than the odlitic or 
first member. 

East Schuler—The Atlantic Refining 
Company’s Burns No. 1, sec. 13, T. 18 S., 
R. 17 W., Union County, was completed 
in the Cotton Valley formation on June 2, 
1941. The total depth drilled was 7702 ft. 
to the Smackover lime and a test showed 
it to be nonproductive. It was then plugged 
back and perforated at 5542 to 5546 ft. in 
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the Cotton Valley formation and flowed 
93 bbl. per day of 47° gravity oil on 154-in. 
tubing choke with initial bottom-hole 
pressure of 2509 lb. per sq. in. Four wells 
were completed by the end of the year, with 
36,322 bbl. produced. The discovery 
resulted from seismograph work. 
Macedonia.—The McAlester Fuel Com- 
pany’s Lizzie Franks No. 1, sec. 16, T. 185S., 
R. 21 W., Columbia County, was com- 
pleted in the Smackover (Reynolds odlite) 
limestone on July 8, 1941. The total depth 
drilled was 9020 ft. The well was perforated 
from 8906 to 8914 ft. and flowed 340 bbl. 
a day on an 18¢,-in tubing choke. The 


_fluid was 60° gravity and the gas-con- 


densate ratio was 13,500 cu. ft. per barrel. 
The initial bottom-hole pressure was 
4130 lb. per sq. in. Seven wells were com- 


‘pleted to the end of the year, with 129,562 


bbl. of condensate produced. The discovery 
resulted from seismic exploration. 

Mt. Holly —The Atlantic Refining Com- 
pany’s Mary E. Davis No. 1, sec. 15, T. 17 
S., R. 18 W., Union County, was com- 
pleted in the Smackover (Reynolds lime- 
stone) on Nov. 11, 1941. The total depth 
drilled was 7373 ft.; production comes from 


. 7157 to 7177 ft. On test, the well flowed 


230 bbl. on an 1}€4-in. tubing choke of 
38° gravity oil with a gas-oil ratio of 
2120 cu. ft. per bbl. Only one well had been 
completed at the end of the year and 
10,423 bbl. produced. The initial bottom- 
hole pressure was 3180 lb. per sq. in. The 
discovery resulted from seismograph work, 

Patton.—The Tide Water Associated- 
Seaboard’s Moore No. 1 well, sec. 20, 
T. 17S., R. 24 W., Lafayette County, was 
completed in the Reynolds formation on 
Sept. 14, 1941. Total depth drilled was 
9503 ft. and production is from 9312 to 
9340 ft. On test the well flowed 342 bbl. of 
45.5° gravity oil with a gas-oil ratio of 
3330 cu. ft. per barrel. The initial bottom- 
hole pressure was 4380 lb. per sq. in. and 
production to end of year was 12,792 bbl. 
The gas contained 6900 grains H2S per 


TABLE 3.—Blocks Tested in 1941* 
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roo cu. ft. Only one well was completed 
by the end of the year and early in 1942 
the well was plugged back to the Cotton 
Valley formation and all operations ceased. 
The discovery resulted from seismograph 
work. 


DEVELOPMENT AND EXPLORATION 


Twenty-three seismograph crews were 
working in the state as the year 1941 
ended. An average of five crews worked 
continuously throughout the year. (Tables 
2 and 3.) 

There were 210 wells drilled, 44 of which 
were dry wildcats. Of the 165 field wells 
drilled, 119 were oil producers (including 
6 discovery wells), 1 well was a gas well, and 
45 were dry and abandoned. 

One repressuring project began opera- 
tions during 1941, in the Schuler field, 
Union County. The majority of the oper- 
ators in that field unitized their holdings, 
closed 100 of the 146 wells to production, 
obtained production from wells of low 
gas-oil ratio and used some of the closed 
wells for injecting gas back to the gas cap. 


REGULATION OF PRODUCTION 


The Arkansas Oil and Gas Commission 
continued to control and prorate the 
production from all oil pools discovered 
after 1937. To the standard proration 
formula based on acreage and bottom-hole 
pressure were added two volumetric 
formulas, these being placed in effect 
in the Dorcheat and Village pools. Spacing 
was increased to one well for each 160 acres 
in “condensate” or “gas-cap’’ pools. 
Forty-acre spacing is standard for oil 
fields in Arkansas. 

The Office of the Petroleum Coordinator 
for National Defense, in a letter made 
public on Oct. 28, 1941, by Mr. Ralph K. 


OIL AND GAS DEVELOPMENT IN SOUTH ARKANSAS IN IQ4I1 


Davies, had the following to say concerning 
regulation of production in South Arkansas: 


This office is aware of the excellence of the 
present Oil and Gas Conservation Law of the 
State of Arkansas and of the sound judgment, 
efficiency, and care exercised in its administra- 


tion. The people, the industry and the adminis- 


trative officials of your State have reason to be 
proud of this important and very desirable 
accomplishment. Unquestionably, the strict 
adherence to the principles of conservation in 
all phases of oil and gas development and 
operations will serve alike the best interests 
of those engaged in the industry and of the 
public. 

The especially noteworthy features of your 
regulation of oil and gas development and 
production operations under the Arkansas 
Law are (a) the distinct progress realized in 
the elimination of unnecessary drilling units, 
by provision for enforced integration of small 
and irregular tracts into a single drilling unit, 
and through sound allocation of production, 
(b) the progress made in the proper regulation 
of the total rate of production of fields to 
within the range of efficient sustained produc- 
tion rates for the particular fields, (c) the 
allocation of the total production allowed the 
pool among the various properties and wells on 
a reasonable and equitable basis designed to 
prevent reasonably avoidable drainage between 
units or tracts, and (d) the complete rejection 
of the individual well or some expression of its 
potential as the unit of allocation or as the 
sole or major factor in the allocation of produc- 
tion among tracts. 
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Developments in the California Oil Industry during the Year 1941 
By V. H. WitHerm,* Memper A.I.M.E. 


THE year 1941 in the California oil 
industry was marked by an_ increased 
market demand, drilling activity, and 
production of crude oil. 

Although seven new oil fields and two 
gas fields were discovered during the year, 
additions to reserves from these discoveries, 
as well as extensions and revaluations of 
“previous discoveries, were approximately 
too million barrels, as against estimated 
withdrawals of 230,233,000 barrels. 

The year was remarkable for the very 
great increase in domestic demand for all 
products, which more than compensated 
for the loss in shipments to Japan, which 
averaged 60,041 bbl. per day during 1940. 

Demand in terms of crude during 1941 
was 648,967 bbl. per day as against 
632,647 for the same period in 1940. This 
abnormal increase in demand is due to 
increased industrial activity, and especially 
increased railroad activity. 

Gasoline consumption for 1941 was 
241,011 bbl. per day as against 217,744 
in ro40. Demand for fuel oil increased 
from 259,806 bbl. per day in 1940 to 285,896 
in 1941, and caused a withdrawal from 
stocks of more than 7,473,000 barrels. 

During 1941, total oil storage declined 
9,153,000 bbl., but additions to storage of 
1,754,000 bbl. of light oil and light oil 
products were offset by a withdrawal of 
10,907,000 bbl. of heavier products. 


The opinions or assertions contained herein 
are the private ones of the writer and are not 
to be construed as official or reflecting the views 
of the Navy Department or the naval service 
at large. ; 

Manuscript received at the office of the Institute 


Feb. 3, 1942. 
* Ta ateant Commander, U.S. Navy, Los Angeles, 


California. 
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Production during the year is esti- 
mated at 230,233,000 bbl. as against 
222,784,386 bbl. for 1940. 


TRANSPORTATION 


For a short time, California was affected 
by lack of transportation due to the 
diversion of tankers. This shortage affected 
the movement of oil from the San Joaquin 
Valley to the refineries, since a large 
percentage of this production is moved 
to the coast through pipe lines, and thence 
by tankers to Los Angeles and San Fran- 
cisco. Return of the tanker fleet, which 
may be temporary, indicates that there is 
a possibility of ample supplies of petroleum 
products in the Pacific Northwest. 


DrRitiine ACTIVITY 


Contrary to general opinion, drilling 
activity increased in 1941 over the pre- 
vious year, 942 wells being completed in 
IQA1 as against 890 in 1940, an increase of 
6 per cent. This increase was due to the 
increased demands for fuel oil, and also 
to the decreased drilling costs, which 
made many former marginal locations 
economic. The main activity caused by 
increased demands for fuel oil was in the 
Mt. Poso, McKittrick, Midway and Santa 
Maria Valley oil fields. Dry-hole footage in 
1941 was 655,354 ft. as against 583,537 ft. 
for 1940. 


CURTAILMENT 


Voluntary curtailment succeeded in 
holding production considerably below 
demand, although it was above the state 
quota. During the year the top allotment 
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to new wells was dropped from 148 bbl. 
per well per day to 139 bbl. per well per 
day, and the state quota was increased 
from 570,000 to 613,200 bbl. per day. 


which the production can be transported 
only by sea ‘will have but a very small 
outlet. The very great demand for heavy 
fuel oil will tend to eliminate this class of 
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UTILIZATION 


Fic. I.—PRODUCTION, SHIPMENTS AND STORAGE OF OIL, CALIFORNIA. 


A new conservation plan, approved by 
the Secretary of the Interior, will go into 
effect early in 1942. The new plan will 
supplant the existing uniform method of 
allotment. Provisions of the plan will be 
carried out by the Conservation Committee 
of California Oil Producers. 

Under the new plan, desirability of the 
crude for defense needs will be a prime 
factor in allocating production to a field. 
Octane rating, percentage of sulphur, and 
the isobutane content of gas produced with 
oil will be considered in allocation of pro- 
duction. Secondarily, fields will be pro- 
duced at a rate that will tend to obtain 
the greatest ultimate recovery. Fields from 


production from curtailment. The system 
is very complex and it will be difficult 
to predict the effect on the individual 
operator. ; 
Potential of 942 wells completed during 
the year (Table 2) was 1,028,312 bbl., with 
a required allotment of 88,195 bbl. To 
make room for this new allotment, old wells 
were cut and the state quota increased. 


NEw DIscovERIES 
Los Angeles Basin District 


Inglewood Field—A deep-zone exten- 
sion to the Inglewood field was discovered 
by the Bush Oil Co. in the completion of a 


| 
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TABLE 1.—Oil and Gas Production in California 


A 
Proved, Total Oil Production, Bbl. 
Acres 


Field, County Dis- 


Oil To End of 1941 | During 1941 


Line Number 


San Joaquin VALLEY 


POUCH AVIS DRA CMt Dae cit, «21h, he ae Aare. nck, See le the 1909 22,000 282,146,913 5,330,111 
ABELL Ce NOLL MAACO I x sinless ciciccden See eee ieee cee vig oe oe heen 1912 1,930 43,662,289 3,422,782 
3 BONGH AGI cane ee oie nai. Ay RE Oa nao Pe ee ON ate 1911 2,320 23,083,090 758,359 
(a OBIE be LSE le (ie ne tocar ioe eae Oe eh ae A ar eae ee ae eee 940 6,582,868 1,815,892 
(Ey AGREE LIENS yt GOTT 7 ye 2 RE meee | 6,400 221 405,944 2,667,902 
DIMER CSENINOSNO Soe tiaras, Grivel ae es ato ok ha eaaeieg aa 11,370 146,303,115 1,849,452 
Mi ONG AT IPEE NO ort nibs ere yeruas Geran Uokec selects neoehls atbees oan. s 19388 2,800 13,220,731 6,326,273 
8 INOELBAR HUCEG) Semi ea Re) Siete GRIN eons Bel, ote eke 1939 1,340 5,078,270 3,233,190 
9] Coles Levee Ramee eeu aN aOR ik Addy oct Mega tats 1938 2,930 8,834,118 5,711,713 
10| Edison, Kern...... 1,355 8,320,183 988,885 
11) Elk Hills, Kern 10,000 157, 737, "405 3,491,581 
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Se ee TAR EO Sites ty Saud hee abe Lovnderest 2,452 2,452 
15 Kern ee te ne ee ch AE eee 3,231 3,231 


3,975 47,561,269 2,093,609 
ine 277,687,159 1,742,372 


16,720 252,198,504 | 13,970,431 


20 2,560 51,311 214 1,265,805 
21) Mc I 1,525 92,371,231 1,400,821 
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33] Wasco, Kern........ .-| 1938: 360 1,724,873 630,859 
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150,020 | 2,464,401,731 | 93, 343,635 
80,575,099 1,978,471 
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40) Summerland, Sante Barbard rs. c0 0 csc cee seme sy se weislenesscisweacatet 1894 180 3,158,372 4,559 
ANTA Manta District 169,067,077 | 10,006,070 
MAG AeA TA SALE LOOP OUT Ovni fs oes inv 6.5 oe ol Viestveainvaeteleue!ehefeini alla eee, «1s, sualdsies 1904 1,010 130,482 
ADNO at OAT Y OMe SANE DOPOGl Gare hheraj sists oye Me crcis lots alarajs ajath’s sabve o\apetaiapetsse 1908 1,430 350,567 
MBI ALO RIA TOM CONG BOTOGNG sects nr aie me ails esalore aise Sinise wrohosviele) «1s = aio ate 1931 440 5,579,611 1,377,735 
MM" Vanityonyey Rpts] ite ROR “13.0 RRA ace a Reid oF EARS eee One. xc 1903 4,223 161,428 
BRIOCHE DS aNsae DON OAT: arise horas cays = ae eyes» we ole Peeing eee Tee ess 1903 4,220 1,137,316 
46| Santa Maria Wallovis SGNtG BOF OGNG aeiyec erel= alert ncletetetae wtiatieveia'p oes stanaceteers 1934 5,610 22,149,509 6,848,542 
Ventura District 260,318,065 | 15, 840, 861 
ATPadret Canyons V 6neundeccays cia serciel orecaroiera tee tie eis «y ria, ¥inranc av ees¥Fo) ab t.0)=-s.aiaje eve" 1936 180 1,706,882 366, 024 
AB IMERITI COUN CNEUNAs e,e cafe teeter statetehats 7 s]=.s.s:sfe sYatene nzeaele\ hee: «inl ipreloreGhelnie 9 # clef ei6 1927 425 14,082,982 1,538,169 
AD learn NV LTetLGLIG Oy VEU s erat aiascrs avn) eee e ayptaile hs nimshete/ Vale: ose, s'ata/a//di8ip lols choke seis nis 1931 430 5,868,030 1,063,525 
BOIRV CHELITAPAVOBUC) VY 6NEUl Gi ioiaic arsre traitor bales ls alee Ge  ahavois eiaieals eae siei4a 1916 2,000 238,660,171 | 12,873,143 
VenturaA-NEWHALL District 67,615,942 3,307,478 
51] Bardsdale, Ventura........... 287 50,76 
52] Del Valle, Los Angeles..........- 370 726,622 695,931 
53 230 
54] Ex-Mission, enue Uae Od oe > A a re se 130 12,102 
55| Hopper Ce La UG UpE rake ton Gc oRD nos ete ences 153 44,855 
56 Modelo, ? salar SEU RCR ato ol seer ae Satan ett 
57| Newhall Potrero, Los Angeles 340 F 47'815 478 15 


Oak Canyon, Los Angeles... 2... .c.. sec ccs ewe ns etter dente sesnecs eects 
Ventura 


| 


262 DEVELOPMENTS IN THE CALIFORNIA OIL INDUSTRY DURING THE YEAR 1941 


TABLE 1.—(Continued) 


Oil-produc- 
To oduction, : A. Welle tion Reservoir Pressure, | -s A 
ie ae are Ft. Number of Oil and/or Gas Wells Methods, Lb. per Sq. In. g Character of Oil 
End of 1941 s 
bs Durin Number 3 . 
1941, End of 1941 of Wells § 
3 25 eo | Gravity A.P.L. 
: eu bs Avg. at | .& 
© | Toknd | During |Z2|y |B les|~e |e _ | Initia | Endof | E | atOor, |g 
5 | of 1941 1941 |Sy| 8 | 8 |8Al-2 1-2 wo | 3 1941 | @ | Weighted [3S 
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4 With Strand 6} esse 17} 15} 3,500 | 3,250 38 | 36 [37.5 
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. embilor i a 
19] 1,490,557 | 93,424 20} 6| 56) 266 96| 170 { 4°650-Elocene 
20 475 42) 356 1| 355 36 | 13 18 |0.99 
21 8)" 0:1), 88/243 1] 242 92 | 12 |14.2|1.02 : 
22| 375,590 | 12,368 9} 0 | 583) 2,160 2,160 28 | 12 |17.5|0.75 
23| 48,988] 1,649 13} 163 8| 1155 31 | 20 26 0.66 : 
24 65} 0} 59] 418 418 15 | 12 |13.8 
25 ral G 5 2 2 0| 4,750 48 | 55 [51 i 
26 era! 1 6 6 0 36 | 24 |30 
27 4,000 33 | 45 |40 
28| 12,987 | 6,006 25 | 0 1] 96 94 2) 4,850 40 | 37 |38.5 : 
29 10/0] 21) 292 222 17 | 13 |16.5 
30 1] 0 1 37 : 
31 6,711 | 3,683 3] 0 1] 12 ll 1 35 | 38 |35 |0.37 
32| 23,281] 7,055 36] 0 “| 112 83|  29/ 3,550 38 | 34 |35 
33 rial 13 13 0| 5650 38 
34 34 34 23 | 24 |23.5 
35 1,668 14 | 03m 2 24 2] 92 
36 195,350 406 | 18 | 2,500] 8,860 747| 8,113 
37 3,514 437 3) 20 5| «538 53 43 | 18 |28 
38] 63,060 | —-2,214 OH Tae yt acl 4] 57 41 | 22 |33.7 
39 1.8 3) 21 21 19 | 14 17 |0.30 
40 Olas 1 3 3 19 | 17 |18 |0.54 
41 0} 1] 88 7 7 21| 8 |10.3/2.84: 
42 8: /) ate Gali 1d 1} 10 16 | 10 |13.5/4.13 
43 5| 15 15 14 | 13 |13.9 
44 0: |e fe 94t 10 2 9 21 | 20 |20.5/4.4 
45 3| 0] 80} 150 150 26 | 18 |22.6]/2.63 
46 3,307 56] 2{ 20] 194 46] 148] 1,750 17 | 13 |15.9 
47 5| 0 19 5| 14 31 | 28 |29.1 
fa { 37,086 | 2,401 |f oars 78 10/68 { 2,150 } 31 | 27 |30 
49 7,588 1,290 4| 0 24 23 1 34 | 29 |30 
50| $10,874 | 32,927 39} 3] 131] 329 157} 172] 2,750 50 | 12 [30 |0.73 
51 o| 9 9] 26 {3 33 | 22 |32.110.83 
52 56] 0 12 11 1] 2,700 32 
53 0| oO 9 23 | 14 116 {0.70 
54 0| oO vee: 23 28 | 18 |25.210.72 
55 0 0 2 12 12 31 | 18 |29 
56 0} 0 wee Hel 11 26 | 26 |26.1 
57 2} 0 1} 25 24 1] 3,200 35 | 33 [33.3 
58 3 1 2 
59 0| 23 1 2 p) s| sis 


© Footnotes to column heads and explanation of symbols are given on page 250. 
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7 : Deepest Zone Tested 
Producing Formation to End of 1941 
Depth, Avg. Ft. 
2 if a Thieke 
Name Agee 5 S T A ickness, | Nar P5 
5) 3s ‘op ver. > ame ree 
z, S 2 Prod. | Bottoms Be Bt 3 ae 
| 8 S | Zone | Prod. Wells a8 3 =e 
a Sia & om 
1) San Joaquin clay, Etchegoin } Pli S | 251] 2,665 3,500 50 A | Miocene 14,622 
2) Etchegoin, Temblor, Vaqueros | Pli, Mio iS) 15 4,917 7,152 625 A | Cretaceous 10,800 
3} Etchegoin, Temblor Pli, Mio s 800 874 50 A | Miocene 11,377 
4| Stevens ; Mio S$ 20 8,250 8,297 160 A Miocene 13,400 
5| Etchegoin, Temblor Pli, Mio 8 25 1,860 2,076 170 AUP | Cretaceous 9,418 
6] Etchegoin, Sta. Margarita Pli, Mio S 900 1,580 180 MUP | Cretaceous 4,883 
7| Avenal Eoc S 22 6,400 7,440 360 MU | Eocene 8,416 
8} Avenal Eoc 8 25 7,980 8,226 130 MU | Cretaceous 9,614 
9| Stevens Mio S 24 8,070 9,621 200 MU | Miocene 10,101 
10) Kern River, Temblor Pli, Mio s 2,000 2,239 125 MU | Granite 800 
11 a Joaquin clay, Etchegoin, | Pli, Mio S 38 2,600 3,115 75 A | Miocene 11,177 
evens 
12) Etchegoin, Chanac Pli S 3,000 3,685 88 MU | Schist-Jurassic 8,531 
13] Stevens, Vedder Mio S$ 22 | 11,430 11,500 290 AM | Lower Miocene 12,504 
14| Temblor, Eocene Mio, Eoc| S 7,300 8,005 90 A | Cretaceous 10,257 
15) Temblor Mio, Eoc| § 3,865 3,905 11 AF | Cretaceous 6,031 
16] Etchegoin Pli 8 2,175 80 MF | Miocene 2,650 
17) Kern River Pli 8 400 837 130 MU | Oligocene 4,852 
18] Temblor Mio i) 7,250 7,285 57 A | Miocene 9,138 
19} Temblor, Avenal Mio, Eoc| §S 16 { 10300 niece \ 850 A | Cretaceous 12,884 
20) Etchegoin Pli Ss 1,170 1,204 80 A Miocene 7,858 
21| Etchegoin Pli 8 800 1,107 350. MUF | Miocene 6,664 
22| Etchegoin, Maricopa Pli, Mio 8 1,950 2,095 65 MUF | Miocene 10,410 
23] Chanac, Sta. Margarita Pli, Mio s 6,080 6,165 55 MF | Granite 8,624 
24| Vedder Mio rs) 35 1,600 1,745 150 MF Granite 3,130 
25) Stevens Mio § 20 | 10,140 10,376 200 A | Miocene 11,811 
26 Mio S 5,040 5,090 10 A_ | Eocene 6,429 
27] Stevens Mio s 24 8,990 9,580 300 MU | Miocene : 10,120 
28] Vedder Mio S 11,249 11,495 220 A | Schist-Jurassic 14,108 
29| Jewett, Vedder Mio S| 34 1,861 66 MF | Oligocene 6,070 
30] Vedder Mio § 12,800 12,890 A | Miocene 12,934 
31] Stevens Mio S 8,320 8,432 110 D_ | Miocene 12,818 
32] Stevens Mio 8 22 7,850 8,216 200 A | Miocene 10,023 
33] Vedder Mio Ss 28 | 13,100 13,143 382 A | Eocene 15,004 
34| Etchegoin, Sta. Margarita Pli, Mio S | 28} 2,000 2,017 4 A | Oligocene 11,204 
35 
36 
37| Vaqueros, Sespe Mio, Olig)} § 1,150 { ane \ 135 AF | Sespe 4,071 
. ‘ 2 
38] Monterey, Vaqueros, Sespe Mio, Olig} S 25 2,800 | ep \ 330 AF | Eocene 7,151 
39 Vaqueros Mio Ss 1,960 2,003 75 MF Sespe 4,730 
40| Pliocene, Vaqueros Pli, Mio iS) 400 1,600 225 A | Sespe 5,041 
41] Si M Mi H 1,200 1,679 Fis A | Miocene 3,900 
42 Bee Sa Me S&H 2,000 | 3,000 Fis A | Cretaceous _ 7,199 
43] Sisquoc, Monterey Mio H 1,800 3,255 Fis AF | Vaqueros, Miocene 6510 
44) Sisquoc, Monterey Mio S&H 2,200 2,711 Fis A | Miocene | 4310 
45| Sisquoc, Monterey Mio S&H 1,100 3,175 Fis A__ | Sespe-Oligocene 5,915 
46) Monterey Mio S&H 4,000 4,488 Fis MU | Franciscan 8,133 
47| Pi tt Pli § 4,800 5,872 140 AF | Miocene 6,566 
re Pics ee Pli S 2/500 | 4,000 140 A | Pliocene 10,515 
49| Pico, Repetto Pli S 5,500 7,042 680 | AF | Pliocene 10,030 
50] Pico, Repetto Pli 8 3,400 7188 3,000 A | Pliocene 11,516 
i Te} Olig,Eoc| 5 500 888 y A | Kocene 6,804 
Bal Melo Mio § | 28] 6,037] 6,954 107 A | Miocene 7,800 
i Pli 8 240 800 y MU | Jurassic schist 2,117 
53] Pico, Repetto 
54| Repetto Pli i) 500 1,585 y MF 
55) Modelo Mio iS) 1,500 1,828 y A 2,200 
es Be oe te db ies os 8 
; locene : 
paoase < ; : 110 Miocene 8,090 
59| Modelo Mio 8 2,100 2,905 y MU | Miocene 4,285 
59|Modelo Mio) | 8 | OO TS ly ore 
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Proved, Total Oil Production, Bbl. 
Acres 
Year 
of 
ri Field, County Dis- 
5 cov- : 
g ery Oil To End of 1941| During 1941 
a 
S 
3 
60) Pico Canyon-Newhall, Eos Angelegs:,. Rink teste sons cc's cee sey sivies vives eee 1875 110 32,033 
61] Seapa, i enbuy aa ne o ccccesd olese-o eh See ee ew aAaraoee tare teins sata s Ses ene 1887 289 86,245 
62) Shiells Canyon, .V éntturds acs i yascaustys Ses hee 5 oleate Ss. tects eaaoigh ae 1911 510 374,552 
63} Simi, “Ventura ee Wd osc Ges Scatter ee ch cravbeleiaiolaia oia"aelorintn's. eieanmr aren 1912 635 29,932 
64) Bisar-Silverthread, Ventura... 0c. ccat eee t ooba balsa ri acreree biteavels« evens fae 1885 330 41,266 
65| South Mountaing Ventura. etch sve sacs cakes cs oat toe cusitets sare enaiions a 1916 785 526,958 
G6) Sulphur Mtic¥ entisdsses sede yes oa bal he.s oF a Ginn es eieatinw «co oisete Sainte 1927 40 2,560 
67|. Tapo-Hrtrelca,’ Vieribiray, pict.’ erere iat eid, ua are ads x7ofar Atta) s,ale, Sralstais =sete ciptecetars aie 1882 224 9,296 
GSI; Temescal, Ventura. sees. sere ete «ae te tie Urea dia ous sideeiena piste ae 1924 120 201,652 
60/' Timber: Canyou Ventura: ci rscccae tas ctheues vo ae ee vauresA Oe rarely daeteelee 1885 110 8,974 
70} Fresno-Lion Men entura sdb. ceases asides acne oa eben’ satis acowtiiee act 1917 50 6,972 
71 Torrey; Canyon, Ventura: co acnan cntadoles os dee ve ermal aah sae temo abtearame 1896 140 53,535 
72) Wiley-Towsley Canyon, Los Angeles...........000eecceccce ee eneceeeeees 1887 28 1,961 
Orxner CoastaL Counties 1,262,341 25,338 
78| Hdna, San Late Obtend svn snowasnects supine “ote ialais sl-lnieettap aeslseieas 1929 25 741,702 5,449 
74|\ Pismo, ‘San Jidas Obtapo vice e sctcian's tis ctecteieieteis ae akon ot eels eerste aes 1928 200 104,445 7,607 
7o\\ Halt Moon Bay; San Mateo <9 vase teetaewna Do ads ae chat eaktnces cei eemoe 1886 80 41,477 614 
76| Sargent-Los:' Gatos; Santa Clara. oii. + venesecnces sa ncsscescavsen cess. 1886 60 374,717 11,668 
77 Coastal District 40talo 3 o> atnasuanmoticae estes cuedmenee tne nscaus 27,175 578,838,524 | 31,158,218 
Los ANGELES Basin 
4S Alainitog, Os Angel Oton\iaeeerdare cee aie eee slats a noe scat slates fa aia tens 1931 200 24,140,238 397,084 
WB Aliso, Loe Angeles 2¢ scan cicciaeres watt ahicaniguminnee, icles arate ads 1938 296 1,708,564 952,603 
80) Brea Olmida® Oninges. 0 coor cin th oite.c st ep ockine ee ola eee ee tens sins 1889 1,680 167,893,925 2,050,580 
S11 Coyota, Wast; Onangets cc csiceivsi ee coments aie teaste Ae ein elaierdlelcie ede 1911 1,160 43,596,352 1,379,162 
82] Coyote; West: Orang@ne nt c-cen a acat Alocacud e aieatag-mimcien inn wale ne tam 1909 985 125,446,502 3,070,608 
$3: Domingues, Los Angeles. tet tcc he osetia are taps ie pies hale tenis 1923 1,200 130,254,351 8,478,083 
SAT) Segundo, Log tA rye 68 src arocts|- is alten «oe s/o sa glee wae sinle te s sialatalnn oe 1935 930 10,136,608 521,446 
85| Huntington Beach, Orange..............-++-- a OME 4 TAP ars 1920 2,200 301,011,225 | 10,692,377 
Sb) Piglowo0d,. Los-A ngelescts 2g catoancc aioe Hw ae «sae Rites aiee eit ts oueeha cote 1924 1,075 125,694,085 4,890,688 
By Lawndale. Doss 1gebeee. aa .iala cts atoms saitarataioh ie sis cera ats erect sy tegen ae 1928 72 1,070,600 10,313 
BR) Long Beach sLoacangeles.t: 5 mance ete ocean cer anne see brs, ae ae 1921 1,600 663,664,354 14,516,548 
89| Los Angeles: District, Los A riggs is.ecues cap canes chokes catainn bays aarcns aes 1892 1,627 66,031,823 187,546 
OO) Montabello,:208, Asigaleels... Bin). tetsu nite Lint ames eer tetto’s s pleeheniatels 1917 1,750 127,249,461 | 4,859,586 
CL Pixga dal. Royebae st tele vs coc cha aieatccor wes coarse oe vctemtneotahasGes 1934 670 47,488,128 1,288,072 
OS Potrero; Los" Angeres eas cares Soicwe Pane sae meee Rate anaes tie es nts 1928 220 4,276,660 709,616 
93] Richfield; Orange, tia» r's)s sta nit oaitionre kee se eee ua mores a oistae op ene aes 1919 1,370 92,120,961 2,476,671 
94] Rosecrans-Athens, Los Angeles..c..cscccscceccucccecscnsecserccevvecss 1924 850 48,182,337 3,433,964 
Vb Sante We Boringn, Lon Arges’. trys ce sino 62 cok conan ake caree oes. oes 1919 1,630 477,174,924 8,536,874 
RG) Seal Bench. loa Anvelee eck: tet at tent da ete ae oak eam sled wna 1926 310 65,695,085 2,022,102 
O7 | LOMaN0e, LOS ANGAEE an. voc Mgt aics « seen eine Sie Oca cite aneweislest 1922 6,200° 104,224,024 3,154,639 
OS Whittier LosAngeae conte etn deel Seite date ec SHEEN ach ele de ako 1898 600 18,418,069 172,242 
OO WALI BtON. LOS AnDASLC ae Grima Aas one Cana eo stdene mae eS EGR Got ee = 1935 4,400 140,021,211 | 30,542,409 
100] Others............. SoM Sietoeaey 4.8 Seeiadae ag ip eRe ane errs alee OURS weld 3,037,405 245,370 
101 Loe Angelea: Basin Cots scree ceo Guccre te tercrtree cue eee ais w sce OR ee 31,025 | 2,788,536,892 | 104,588,580 


108) Hueeka. Mumbo ten cats vlaidele wee tk sv cision tai catalan oveas Amuistete icioe <bee 1937 520 1,040 
104|\ McDonald Island, San’ Joaquits. sin descaan bs ctype ce sWary cae sahanin came 1936 1,900 980 
LOB Potrero Fille! Nolan sian Wan cdo crac ale 4 Sa. teaategieas Tota «antes eke 1938 100 991 
LOG | Rio: Vista, WacramenlOrSoland..os asaiicuslsaa sow dan ce dese adore vecnveaus 1936 | 24,900 1,040 
AO 7A ECOL, DURGA NAO occas dein. chee dokain ictrate envtaenie Hc ema tamaos lunes kas 6 200 1,000 
LOSI LPAOV: AI dl OUGUU  ax%s pee sisiac s1cib din deis eels Hen MUM cats she ca cece 935 
LOD WO WA Gotti we N cet clon tam sc ive a Reamisiee ten Comore mabe ns whined’ tat oles 990 
110) Pawisld KnollacY oy e-.0s sa avidevuies ele been acde meaner: « sates tte 945 
City Retahunin’ Sonoma oe chs dssctoalestoh adhe shivcan noeman ttm cialie hese een ¢ 1,002 
Iai Vernalis: Sani) paguin sc ak dion oy tvatte lck Se cic wih te Cac Res oOo bins 
ALS Bugns Vista dake: aries ive Sc Win vent wks ature me eevee eeien oka ool 1,000 
114) Buttonwillow, Worn foc sac gocsarre.c a core Gok Aten Groen Se Sere ane 1926 1,700 985 
Chowchilla .Maderay,’s.. noprvecdtencs tena evcuntnrde serene Sac ch ae 
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Total Gas Producti Oil-produc- ; 
°Millions eee Number of Oil and/or Gas Wells Wir ds pbb . ‘ eae % | Character of Oil 
End of 1941 ‘3 
During Number S 
1941 End of 1941 of Wells & 
i or . 
- Oo ba Gravity A.P.I. 
z ToEnd | During | 3S/ 3 /| B FI El wy 80 Taitial ae o = at 60°F., = 
of 1941 1941 |S] 3 g |—A| 8 3 wo | Ta 1941 B Weighted | 8 
ao | q #3) 52 /3% £ a x Average ay 
4 59/5 | 4 [64 | £° |£°| = | BS Z ae 
60 0 0 37 23 23 38 | 35 |37.3 
61 . 0 3 13 22 22 32 | 19 |20.6 
62 With So. Mt. 16 120 1 119 36 | 28 |35.1 
63 2 63 47 47 32 | 16 |28.110.68 
64 7 68 68 24 | 15 |18.5 
65 65,286 3,635 7 91 91 28 | 20 |23.9/1.73 
66 1 1 16 | 15 |15.5 
67 21 21 24 | 21 (22.4 
68 13 13 24 | 21 |22 
69 8 8 34 | 25 |28.7 
70 17 17 23 | 20 |22 
71 3 38 38 28 | 27 127.5 
72 9 4 4 ‘ 27 | 20 |23.6 
73 2 15 15 14 | 18 |13.3 
74 4 2 2 22 
75 13 54 
76 14 9 9 13 10.86 
77 46,271 157 59 626} 1,589 286} 1,303 
78 1 38 1 37 28 | 16 |26.8 
79 4 ae 1) 4! 13300 f 54 | 23 |24 
80 58,368 1,419 2 1 a Hee : ee é an 32 a ae 0.97 
81 6 2 26 8 1.46 
82 \ peel aeones {4 } 7 { 3) 77 5) 72 RP | 31 | 24 |28.9 
83 215,105 15,426 48 3 35 267 66; 201 35 | 28 |30.4/0.85 
84 7,427 261 5 5 40 40 29 | 15 |21.8 
85 309,021 9,685 53 25 103 630 28 602 27 | 11 |23.5|1:30 
86 93,110 4,348 18 2 103 207 32 175| 4 450 (sentous) 38 | 14 |22.0 
87 3 3 29 | 23 |25.9 
88 870,232 12,933 26 | 70 24| 1,237 1,237 82 | 12 |25.0/1.25 
89 20 93 93 18 | 18 |13.7)1.0 
90 98,249 17,583 2 8 57| 337 23 314 3,700 (west) 39 | 18 |30.0/0.79 
91 49,455 955 16 3 144 144 24 | 11 |21.0/2.7 
92 3 1 23 7 16 48 | 33 |44.0 
93 84,964 2,391 2 2 4 304 304 29 | 14 |20.5)1.60 
94 120,950 10,822 12 7 10 182 18 164 42 | 31 |33.0)/0.48 
95 673,100 7,232 3 18 64| 574 574 38 | 28 |32.5/0.40 
96 100,143 3,105 5 1 21 82 10 72 29 | 10 |23.0 
97 76,819 2,867 20 60 43 627 627 27 | 13 /22.0/1.62 
98 1 1 35 143 143 Tata ee 30 | 14 |19.0/0.77 
99] 91,524 | 26,800 167 | 2} 23) 1,059 407] 5021 { 2000 Gea” } 2g | 13 |21.0|2.5 
100 4,023 3,473 2 30 44 44 
101 121,654 378 | 248 780} 6,546 669} 5,877 
102 941 | 325 13,906) 16.995 1,702] 15,293 
Gas Finips 
103 183 TA 8 0 0 uf 2,488 
104 35,565 9,541 u ‘ : 6 2,300 
105 
106 35,752 15,808 | 45 17 1 40 1,717 1,650 
107 4,082 1,522 4 0 0 3 2,950 : 
108 9,510 535 : 4 4 4 1,800 100 
10 2 0 0 2 1,450 
111 1 0 0 
112 2 2 0 2 
113 3,702 282 6 0 0 4 1,260 650 
114 20,853 2,673 | 27 0 0 18 
115 3 0 0 3 
116 9,692 3,142 | 21 0 0 15 1,140 
117 4,440 739 | 22 0 0 3 1,110 900 
5 1 0 5 
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Producing Formation canes seyrt 
Depth, Avg. Ft. 
3 _ Net 
| Name Age® 5 re Top Aver. Thickness, | 4 Name = 
| a 2 Avg. Ft. 5 oa 
Z, & || Prod. | Bottoms Sand B= As 
2 s S| Zone | Prod. Wells 2 as 
3 6 |e B an 
60) Modelo Mio iS) 858 1,611 y A | Eocene 4,300 
61] Sespe Olig 8 . 400 1,651 y |A&S| Oligocene 38,595 
62| Sespe Olig § 100 2,000 640 A | Eocene 7,428 
63) Meganos oc 8 1,100 1,213 y A 3,934 
64| Sespe Olig 8 315 683 MF 
65| Sespe Olig S 2,200 3,362 956 A | Eocene 6,702. 
66| Modelo Mio iS) 2,000 2,500 Fis ML 
67| Modelo, Sespe Mio, Olig} § 500 995 y A i 2,956 
68| Modelo Mio iS) 2,000 2,411 y A_ | Miocene 4,584 
69| Repetto, Modelo Pli, Mio SI 300 2,605 y MF | Miocene 3,300 
70| Modelo Mio Ss 844 1,044 y ML | Miocene 
71| Vaqueros, Sespe Mio, Olig] § 700 1,363 y AF | Miocene 2,500 
72| Modelo Mio Ss 600 1,016 y AF | Miocene 4,400 
73| Monterey Mio H 800 1,200 y A &§ | Jurassic schist 2,125 
74| Monterey @ Mio H 2,900 y iN) : 
75| Purissima, Monterey Pli, Mio | 8, H 1,379 1,600 y ML | Miocene 7,982 
76| Monterey Mio §,H 900 1,500 AF | Miocene 
77 
78| Pico, Repetto, Puente Pli, Mio s 4,635 5,810 250 AF | Miocene 9,054 
79| Pico, Repetto, Modelo Pli, Mio 8 4,795 5,287 170 M_ | Miocene 9,291 
80| Repetto, Puente Pli, Mio S 260 3,026 800 AF Miocene 8,021 
81| Repetto, Puente Pli, Mio s 2,450 3,607 153 AF | Miocene 9,084 
82] Repetto Pli 8 2,800 4,471 473 D_ | Miocene 8,144 
83] Repetto, Puente Pli, Mio 8 28 3,800 5,189 1,800 AF | Miocene 12,720 
84| Puente, Franciscan Mio, Jur RS 6,890 7,316 50 ret Franciscan schist 8,009 
is 
85] Repetto, Puente Pli, Mio 8 | 33 1,900 4,009 1,200 MF | Miocene 9,054 
86] Pico, Repetto, Puente, Monte- 
rey Pli, Mio S 1,073 2,597 975 AF | Miocene 10,598 
87| Puente Mio § 6,375 5,841 9 MU | Miocene 7,405 
88] Pico, Repetto, Puente Pli, Mio 8 30 2,377 5,264 1,650 AF | Miocene 10,720 
89] Repetto, Puente Pli, Mio 8 475 1,045 9 AF | Miocene 5,074 
90} Repetto, Puente ; Pli, Mio 8 1,730 4,422 800 A | Miocene 9,334 
91| Repetto, Puente, Franciscan rs Mio Be © 3,350 5,371 200 A | Franciscan schist 7,048 
ur is 
92] Pico, Puente, Franciscan Pli, Mio 8 29 3,640 5,605 350 AF | Miocene 9,923 
93} Puente Pli $ 2,900 4,057 510 A | Oligocene, Sespe 10,496 
94] Repetto, Puente Pli, Mio 8 22 4,035 6,150 1,050 AF | Miocene 10,389 
95| Repetto, Puente Pli, Mio 8 29 3,470 5,373 1,360 D_ | Miocene 11,314 
96| Repetto, Puente Pli, Mio 8 4,314 5,441 350 AF | Miocene 9,054 
97| Puente Mio Ss 27 2,637 4,220 120 AF | Franciscan schist 6,957 
98] Repetto, Puente Pli, Mio 8 200 2,109 270 MUF | Miocene 5,040 
99] Repetto, Puente Pli, Mio Ss 28} 2,320 3,631 420 AF | Franciscan schist 6,814 
100 2,314 
101 
102 
Gas Fieups 
103] Repetto Pli S&H} 26] 3,800 4,900 170 A | Pliocene 7,708 
104| Capay Koc S | 35] 5,178 5,216 38 D_ | Cretaceous 8,810 
105| Cretaceous Cre 8 3,235 3,265 30 D_ | Cretaceous 5,334 
106} Domingine, Ione Eoe N] 35 3,800 4,344 200 AF | Cretaceous 7,029 
107| Cretaceous Cre 8 2,700 5,855 87 MU | Igneous rock 6,900 
108} Cretaceous re 8 28 3,926 4,070 65 Cretaceous 9,690 
109] Cretaceous Cre 8 2,345 2,360 10 D_ | Cretaceous 6,014 
110) Cretaceous Cre 8 3,651 3,682 30 Cretaceous 5,185 
111) Miocene Mio S 1,183 1,215 30 Miocene 1,215 
112} Cretaceous Cre 8 3,840 3,872 30 A | Cretaceous 3,873 
113] Etchegoin Pili 8 4,117 5,219 20 AF | Miocene 11,186 
114] Etchegoin Pli 8 2,500 2,750 18 D | Pliocene 4,946 
115} Eocene and Cretaceous Eoe 2,611 2,923 60 
, Cre 8 7,900 8,125 140 D | Cretaceous 8,377 
116] Etchegoin Pili S 28 2,420 3,150 20 A | Miocene 11,468 
117| Etchegoin Pli § | 25 2,275 3,215 6 A | Miocene 9,700 
Vaqueros i AF | Eocene 
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small well from sandy lenses in shale of 
middle Miocene (Monterey) in 1040. Fur- 
ther development during 1941 indicates 
that this deep zone, which is unconformable 
with and underlies only a small portion 
of the Pliocene producing area of the oil 
field, is a southwest-dipping monocline 
closed by a large northeast-dipping over- 
thrust, which duplicates from 200 to 
500 ft. of beds. The new zone contains an 
average net sand thickness of too ft. and 
has an exceptional bottom-hole formation 
pressure of 4500 lb. at a depth of 8300 ft. 
The estimated productive area is 180 
acres. Because of complicated faulting, 
_production from this new deep zone has 
been very erratic; large producers are offset 
by very small flowing wells. 

Turnbull Canyon.—A small field north 
of the Whittier fault in Turnbull Canyon, 
3 miles northeast of Whittier, was dis- 
covered by the Continental Oil Co. by 
the completion of Community No. 1, 
pumping 275 bbl. of 20° gravity oil. The 
structure, a faulted anticline, was dis- 
covered by surface geology and confirmed 
by reflection seismograph. Production is 
from so ft. of sandy lenses in upper Miocene 
(Puente) shale. The estimated maximum 
productive area is roo acres. 

Wilmington —The Wilmington field con- 
tinued as the most active in the state, 
completing 172 wells during the year. 
The potential of this field, the largest 


267 


in the state, is 756,000 bbl. per day from 
1085 wells, though the normal sustained 
capacity of the field is probably only 
25 per cent of the potential. 


Coastal District 


Del Valle Field—The Del Valle field, 
near Newhall, which was the only oil field 
discovered in 1940, was extended 114 miles 
west by the completion of Jasper Petroleum 
Company’s Videgain No. 1, at a depth of 
5994 ft. for 450 bbl. per day of 31.5° 
gravity oil. The proven area of this field 
is now 370 acres, with a net average 
production-sand thickness of 110 ft. The 
structure of the field is an elongated 
plunging anticline, sealed on the north 
by a south-dipping fault. Lenticular sands 
or minor faulting may form the trap on the 
west side of the field. 

Oak Canyon Field—Western Gulf Oil 
Co. discovered the Oak Canyon field by 
the completion of Lechler No. 1, at a 
depth of 2415 ft. for too bbl. of 22.09° 
gravity oil on the pump. Western Gulf 
discovered a second sand by the completion 
of Lechler No. 2 at a depth of 6940 ft. 
flowing at the rate of 30 bbl. per hour of 
31.5 gravity oil. This field is 2 miles 
northwest of the Del Valle field. The 
structure is a plunging anticline sealed 
by a fault up the pitch. The estimated 
productive area is 120 acres with 55 ft. of 
net sand. 


TaBLE 2.—California Oil-field Development 


| 
Initial Production of New 
Number Number Number Percentage | Wells, Daily Average, Bbl. 
Drilling Drilling Number Producers | of Increase 
Year Notices ells prodicer Completed or 
Filed Abandoned | Abandone (New Wells) Decrease Per Well Total 
I 2 238 a7 246 —67 1,481 364,434 
tone as IOI i72 184 —25 852 156,823 
1933 596 163 215 248 +35 1,105 274,104 
1934 631 247 200 449 apow 1,190 534,508 
1935 986 347 203 710 anew! 954 677,320 
1936 I,102 320 208 786 +11 471 370,227 
1937 1,643 313 273 1,156 +47 560 647,331 
1938 1,162 205 252 994 = FH 1,242 1,234,482 
1939 1,174 251 274 851 14 1,314 1,118,102 
1940 I,042 156 330 890 = 5 1,428 1,270,756 
IO4I I,210 192 301 942 + 6 1,092 1,028,312 
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San Joaquin Valley 


Dyer Creek.—The Shell Oil Co. dis- 
covered a small fault-line accumulation 
north of the Mt. Poso field by the com- 
pletion on the pump of its Smith No. 
56 X 11, from a depth of 2361 ft. for 
163 bbl. of 15.2° gravity oil. Production 
is from the Vedder zone of Miocene age. 
The second well drilling in this new area 
was a dry hole, therefore it is estimated 
that not over 40 acres will prove productive. 

Union Avenue—In the Union Avenue 
area, adjacent to the city of Bakersfield, 
the Hancock Oil Co. completed Roberts 
No. 1, for roo bbl. of 15.4° gravity oil on 
the pump. Production is coming from thin 
sandy lenses in the Santa Margarita shale 
of upper Miocene age. The structure is 
monoclinal, sealed by the western exten- 
sion of the Mountain View fault. Produc- 
tive area is very limited; a direct offset 
failed to obtain production but later was 
whipstocked into the productive area. 

Coalinga (Nose and Northeast).—Devel- 
opment has shown that these two fields 
are one structure, a narrow shore-line 
deposit flanking the old East Coalinga 
field. The field is almost drilled up, and 
has next to the highest potential of any 
field in the state, 712,288 bbl. from 216 
wells, with a total proven area of 4200 
acres and a net average sand thickness of 
288 feet. 

Raisin City—The Shell Oil Co. dis- 
covered the Raisin City field, southwest of 
Fresno, in an entirely new productive area 
in California. For many years it has been 
a common prediction that no commercial 
oil production would be found north of the 
Coalinga field, but the Shell company dis- 
covery has refuted this prophecy. A very 
active leasing and drilling campaign in 
the northern San Joaquin Valley followed 
the discovery and has resulted in the 
discovery of two additional fields. The 
discovery well, which was a deep test to 
the Eocene and made formation tests of a 


thin oil sand in the Santa Margarita 
(upper Miocene), was completed as a gas 
well, producing 6750 M cu. ft. of gas 
from a depth of so4s5 ft. Production of 
gas is from the Temblor (Miocene). Average 
thickness of the gas sand is 15 feet. 

The second well, Shell Inc. Santa Ana 
and Fresno Land Co. No. 1-19, was com- 
pleted as an oil well, flowing 743 bbl. per 
day, 24° gravity, through a 224-in. bean. 
Production is from 20 ft. of fine floating 
sand showing very little gas. 

Discovery of this field was made by 
reflection seismograph. Dips of the forma- 
tion are very low and areal extent is 
unknown. The productive area is esti- 
mated to be 420 acres. 

Jacalitos Dome—The Jacalitos dome, 
south of Coalinga and west of Kettleman 
Hills, which is a well-defined structure on 
the surface, and which has been drilled at 
various intervals since 1900, has at last 
become a producing field, mainly by 
application of modern methods of drilling 
and completion. All wells drilled on this 
structure have had interesting showings of 
oil at the top of the Temblor. Discovery 
was made by the Wilshire Annex Oil Co. 
on the east flank of the structure in well 
No. 33-26 E., sec. 26, 21 S:, 15 E: The 
discovery well is pumping 85 bbl. of 
40.3° gravity oil from a depth of 3938 ft., 
producing from rz ft. of net sand. The 
oil, although of high gravity, has a very 
low octane rating. The estimated produc- 
tive area is 400 acres, from a maximum of 
14 ft. of colorless sand. 

Helm Oil Field—Amerada Petroleum 
Co. discovered a new distillate field in the 
Helm district of Fresno County. Three 
zones, one in the Eocene and two in the 
Miocene, have been tested, and all show 
the same characteristics of large volumes 
of gas with considerable quantities of 65° 
oil. The discovery well, Amerada-Clover 
No. 1, sec. 24, T. 16 N., R. 17 E., produced 
at the rate of 662 bbl. of 64.7 gravity oil, 
with gas at the rate of 13,680 M cu. ft. 
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from a depth of 8005 ft. Extent and value 
of the discovery are unknown. 

Shafter —Midway between the Wasco 

and Rio Bravo fields, the Continental Oil 
Co. discovered a small field by bringing in 
its K.C.L. C-2 in sec. 35, T. 27 S., R. 34 E., 
flowing at the rate of 542 bbl. per day of 
36.8° gravity oil, with 550,000 cu. ft. of 
gas, from a depth of 12,811 ft. Production 
is from the Vedder zone of Miocene age. 
Productive sand thickness is estimated at 
to ft. and productive area not over 
Ioo acres. 
Riverdale-—During the latter part of 
December, the Amerada Petroleum Co. 
- discovered a second field in the area south 
of Fresno by bringing in its well, Lawton 
No. 45-26, 44 mile west of Riverdale. 
The discovery well had an initial produc- 
‘tion of 558 bbl. of 34° gravity oil, from 
gun-shot perforations in 54%-in. casing at 
depths of 6665 to 6685 ft. Production is 
coming from the Temblor (Miocene), on 
a structure discovered by geophysics. 


Gas FIELDS 


During the year oil companies have 
tended to replace wasteful production of 
gas from gas caps in oil fields with the 
production of gas from dry gas fields. 
Renewed drilling activities in the Sacra- 
mento Valley led to the discovery of two 
gas fields near Sacramento. Both of these 
fields are considered of minor extent. 

Vernalis Gas Field —A few miles south 
of Tracy the Standard Oil Co. brought in 
its Blewett Community No. 1, sec. 25, 
3S.,6E.M.D.M., producing 10,000,000 ft. 
of gas from Cretaceous formations between 
depths of 3840 and 3873 ft. The structure 
was defined by reflection seismograph. 

Petaluma Field—The Trico Oil and Gas 
Co. discovered a dry gas field near Peta- 
luma, in sec. 30, 5 N., 6 W., at very shallow 
depths from Miocene formation. Initial 
production of the discovery well was 
3,000,000 ft. of gas from formations be- 
tween 1183 and 1215 feet. 
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ADVANCES IN DRILLING AND 
PRODUCTION PRACTICE 


No world’s records have been broken in 
California during the past several years; 
instead, the objective has been to reduce 
the costs of drilling. 

It is now known that more than 11,000 ft. 
of open hole can be carried, providing the 
stratigraphic conditions are favorable and 
that mud and hole deviation are properly 
controlled. With more open hole, of 
smaller diameter than formerly, and less 
coring (not necessarily in footage, but in 
tons), considerable sums have been saved. 
At a drilling cost of $10 per foot or less, 
wells can now be drilled to depths exceed- 
ing 11,000 feet. 

A recent departure from the usual oil- 
field steam plants is the large unitized 
generating plant, consisting of two marine- 
type wash-tube boilers. In conjunction 
there are complete facilities for condensing 
all of the exhaust steam for return to the 
boilers. 

Although central boiler plants are not 
new, by proper foresight in the planning 
of the drilling of a number of wells at 
adjoining locations, central boiler plants 
can be adopted. 

Mud control has become a definite 
practice in California. Some companies now 
employ ‘‘mud engineers,”’ whose principal 
objectives are mud control and research. 
It has become almost a standard practice 
to handle mud in tanks, although some 
bulk and sacked mud is still hauled to the 
rig and mixed there to the required 
specifications. For removing sand and 


‘cuttings from the mud, one new type of 


screen has made its appearance—a large 
drum wrapped with wire, which forms fine 
slots. 

Portable drilling rigs and derricks are 
constantly finding a greater range of 
usage in California, and are now drilling 
to the depths of 5000 to 7000 ft. Internal- 
combustion engines furnish the power in 
almost all of those installations. 
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The world’s second deepest well, 14,622 
ft. deep, was drilled with purchased 
electric power by the Honolulu Oil Corpo- 
ration in the Buena Vista Hills. Originally 
intended for drilling to about 7000 ft., the 
draw works driven by two 125-hp. motors, 
compounded through a synchronizing gear 
and a 125-hp. motor driving the rotary 
table by a direct shaft connection, the 
remarkable depth indicated was reached. 

Slim holes, or modified slim holes, are 
coming into greater use in California. The 
most popular size of oil string is 7 in. o.d., 
although in general major companies are 
finishing wells with 544-in. o.d. production 
strings. Many strings are cemented solid 
on bottom and then gun-perforated for 
production, whereas others are combina- 
tion strings with perforated section at- 
tached and cemented through perforations 
for water shutoff. Water shutoff is tested 
by gun perforating and formation testing 
before the baffle plate is drilled out. 

Bulk cementing is becoming more and 
more the vogue. Quicker jobs, better slurry 
control, greater economy, and a saving in 
rig time and labor are effected thereby. 

In at least two of the newly discovered 
fields of the year, slim holes were drilled 
to the maximum depth without coring. 
An electrical log was run and interesting 
sand bodies were sampled by a side-hole 
core device. Casing was cemented on 
bottom and zones that showed saturation 
in the wall samples were tested progres- 
sively, starting at the bottom. 


Radioactive well logs in cased holes for 
the purpose of correlation, location of 
possible productive sand bodies behind 
casing, and obtaining accurate logs through 
multiple strings of casing have been intro- 
duced into California with considerable 
success. With improvement in the process, 
it will be a very valuable tool for the oil 
industry. 

Electrical centrifugal pumps have been 
used in the Kern River field at shallow 
depths with considerable success. More 
than rooo bbl. of fluid has been raised at 
small cost, and flooded areas have been 
dewatered. 


CONCLUSIONS 


It is difficult to predict the probable 
state of the industry in 1942. Increased 
demands for fuel oil are likely, to such an 
extent that maximum production may be 
required of heavy crude oil desirable for 
fuel oil and high-octane gasoline. Civilian 
use of gasoline will be decreased because 
of lack of automobiles and tire shortage. 
Increased drilling of wildcat wells is 
expected and will be encouraged. The 
drilling of wells that do not materially 
increase the reserves of an oil field will be 
restricted, and as wide spacing is pre- 
scribed by the office of the Oil Coordinator, 
probably the number of wells drilled in 
California in 1942 will be appreciably less 
than in 1941. Gasoline may become a 
by-product instead of a necessity. Very 
little new steel will be available to the 
industry because of defense needs. 


Oil and Gas Development in Illinois in 1941 


By Atrrep H. Brertt,* Memper A.I.M.E., 


In 1941 Illinois produced 134,139,000 
bbl. of oil, or 9.5 per cent of the total for 
the United States, and ranked fourth 
among the states. The production for 1941 
declined 9.2 per cent from the previous 
year’s total of 147,647,000 bbl. Daily 
average production for 1941 was 366,000 
-bbl. At the beginning of the year daily 
production was slightly more than 326,000 
bbl. and it remained at approximately 
that amount until June, when there was a 
slight increase. The increase continued 
until the peak of 431,260 bbl. daily was 
reached for the week ending Oct. 4. Daily 
average production at the end of the year 
was approximately 387,500 barrels. 

The increased production during the last 
half of r941 was largely due to the rapid 
development of the Johnsonville field, 
Wayne County, the Rural Hill field, Ham- 
ilton County, and the Benton field, 
Franklin County—new fields discovered 
in the current year (Fig. 1)—and the 
Woodlawn pool, discovered in 1940. 


DISCOVERIES 


In 19 counties in southern Illinois, 44 
new fields were discovered in 1941 (Fig. 2 
and Table 2), and extensions to 4o fields 
were successfully completed (Table 3). 
At the end of the year there were 10,496 
wells in the fields discovered since Jan. 1, 
1937, as compared with 7,965 wells at the 
end of 1940. The area proved for production 
in the new fields increased from 78,040 acres 


Published with the permission of the Chief, State 
Geological Survey, rbana, Illinois. Manuscript 
received at the office of the Institute April 22, 1942. 

* Geologist and Head, and Assistant Geologist, 
respectively, Oil and Gas Division, Illinois State 
ecgiorica) Survey, Urbana, Illinois. 
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at the beginning of 1941 to 97,483 acres 
at the end of the year (Table 1)—an 
increase of 19,433 acres, of which 9,955 
acres are in the fields discovered during the 
current year, and the remainder of 9,478 
acres in extensions to pools discovered 
earlier. 


DRILLING 


During the past year, 3838 wells were 
completed in Illinois (Table 4), of which 
2912 were oil producers, 13 were gas 
producers and 913 were dry holes; 76 
per cent of the wells drilled were pro- 
ducers. Of the total number drilled, sor 
wells are classified as “‘wildcat”’ and of 
these 84 (1 in 7) were successful in obtain- 
ing production. 

The results of an investigation to ascer- 
tain the reason for the locations of the 
wildcat wells. are set forth in Table s. 
Of the 591 wildcat wells, the 292 known 
to have been located by scientific methods 
were 21.6 per cent successful. 

The total footage of wildcat wells 
drilled in 1941 was 1,341,743 ft., of which 
a total of 216,995 ft. was drilled in success- 
ful wells. 


EXPLORATION METHODS 


Subsurface geology and _ geophysics, 
largely the reflection seismograph, are still 
the principal methods used in exploration 
and development in the state. The number 
of seismograph parties operating through- 
out the year was as follows: seven parties 
on Jan. 1, 1941; five on Apr. 1; four on 
July 1; eight on Oct. 1; fifteen on Jan. 1, 


1942. 
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G@ Fields prior to 1937 


JG %bendoned 


Discoveries in 1937, 
1938, 1939, 1940 
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@ Discoveries in 1941 


10 Oo 10 20 30 4o 
JANUARY }, 1942 SS panies 
NEW FIELDS IN 1941 23 Carlinville North; Macoupin 
24 Alma; Marion er er 
1 Clay City West; Cla: 25 Patoka Bast; Marion 
2 Sailor Springs; ney 26 Bonpas; Richland 
3 Xenia; Clay 27 Bonpas West; Richland 
4 Boulder gas; Clinton 28 Stringtown; Richland 
5 Posey; Clinton 29 Parkersburg; Richland, Edwards 
6 Cooks Mills; Coles 30 Eldorado; Saline 
7 Bone Gap; Edwards 31 Lakewood;- Shelby 
8 Ellery; Edwards, Wayne 32 Patton; Wabash 
9 St. Paul; Fayette 33. Geff; Wayne 
10 Benton; ene 34 Johnsonville; Wayne 
11 Benton North; Franklin _ 3S Mayberry; Wayne 
12 West Frankfort; Franklin 36 Sims; Wayne 
13 Inman North; Gallatin 37 Centerville East; White 
14 Bungay; Hamilton 38 Epworth; White 
15 Dahlgren; Hamilton 39 Grayville West; White 
16 Rural Hill; Hamilton 40 Maunie; White 
17 Walpole; Hamilton 41 Maunie North; White 
18 Elkville; Jackson 42 Maunie South; White 
19 Ste. Marie; Jasper 43 New Harmony South; White 
20 Ruark; Lawrence 44 New Haven; White 
21 St. Francisville East; Lawrence 
22 South Lawrence; Lawrence ILLINOIS STATE GEOLOGICAL SURVEY 
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TABLE 1.—Oil and Gas Production in Illinois 


Total Gas : 
Area Proved, | Total Oil Production, Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
Year 
: of 
Field, County Dis- r=] 
covery 2 
: » | To End of During Bi 
On Saat toed 1941 3 an 
on“ nes = a 
5 bas > oF 
3 ES gia 
g = BS] E/el8| 2 2 | 
Zz Bs |f¥uwie5|/alielal sie 
P me |es| 22 | #/a/8| 2 ie | 
3 &e AW (S915 [ala] & em 
Aeon — | —_| —_| — |__| |-_ | 
1| Warrenton-Borton, Edgar. . .|1906 100 0 30,200 200 0 0 22 0} OF 2 12}0 
2] Westfield, Clark, Coles... ... 1904 9,000 75 = z x 0 1,628 4) 19) 14 293| 0 
3 850 75 x z x 0 186 3] O] y y| 0 ¢ 
4 9,000 0 x z z 0 1,449 1) 19] y y| 0 
5 220} 0 z z| 2 | 0 13} Oo} Oo} y| yf 0 
6| Siggins, Cumberland, Clark. .|1906 3,580) 105 x x z 0 996 1] 10} 0} 803) 0 a 
7 3,135 55 x x = 0 854 0} oO; 0 y| 0 
8 435| 15 z z| z | 0 90; 0} 0] o| yo 1 
9 855} 105 x z = 0 193 1} 10; 0 y| 0 
10} York, Cumberland.......... y 310 40 z = z 0 70 0} Oo}; 0 44) 0 : 
AL Casey, Clarkaace. ost sade as 1906 1,925 55 z z z 0 535 2} 4) 0} 488) 0 , 
12 190 15 2 x = 0 41 Oo} Oo} 0 y| 0 
13 400 0 x z z 0 82 0} Oo} 0 y| 0 
14 1,525 15 z z z 0 322 2} 4) 0 y| 0 
15| Martinsville, Clark......... 1922 710} 155 x x = 0 217 2} 0; 0 114! 0 
16 15 20 x z x 0 7 0} O| 0 y| 0 
17 275 35 2 z z 0 63 0} Oo}; 0 y| 0 
18 710 0 x z x 0 23 1} 0} O y| 0 
19 600 0 F F z 0 34 0} Oo; 0 y| 0 
20 640 0 x x x 0 40 1] 0} 0 y| 0 
21 10 0 z r x 0 2 0} 0} 0 y| 0 
22) North Johnson, Clark. .... . 1907 1,320 20 z z z 0 485 0; 0} O} 433) 0 
23 1,115 0 2 x x 0 296 0} Oo; 0 y| 0 
24 160 0 x z x 0 32 0} Oo} 0 y| 0 ‘ 
25 820 5 x z x 0 177 0} oO; 0 y| 0 
26 215 0 z x zx 0 44 0} oO} 0 y| 0 
27| South Johnson, Clark....... 1907 1,715 65 x z z z 535 0} 10} 0} 469) 0 j 
28 185 5 z zr F z 38 0} y| 0 y| 0 
29 295 0 | x 2 E 59 0} y| O y| 0 7 
30 1,675 35 zr x x x 402 0} y| 0 yi 0 @ 
31 845 5 x x z r 170 0} yl 0 y| 0 
32] Bellair, Crawford, Jasper... .|1907 1,300 5 x x x z 486 0} 0} 20) 375) 0 
33 1,165 0 x x 2 z 310 0} O| y yi 0-9 
34 315 0 x z x x 65 Oo} O| y y| 0 
35 910 0 x 2 z x 182 0; O} y y| 0 
36] Clark County Division!..... 19,960} 520) 53,117,000 394,000 z @ 4,952 9} 43} 36) 3,019) 0 
37| Main,? Crawford........... 1906 35,135} 515 F £ z x 7,324 1) 91)183) 4,799) y 
38 340 0 x r 2 =z 68 0) O] y y| 0 
39 33,795} 510 2 ) z x 7,143 1) 91) y vi 
40 ,000 0 x x 2 4 108 0} O} y ul y 
41 10 0 x = £ 2 1 0; Oo; 0 1) 0 
42| New Hebron, Crawford... .. 1909 1,350} 210 z a x z 297 0} 0; O}; 146) 0 
43| Chapman, Crawford........ 1914 1,045 515 x z x zr 193 0; 1; 0 60) 0 
44) Parker, Crawford...........|1907 1,310 30 x x x x 256 0} 0} O}; 219) 0 
45] Allison-Weger, Crawford... . y 1,075 20 r r z F 147 0; oO; 0 65) 0 
46] Flat Rock,’ Crawford,...... y 1,375} 545 c) z x x 289 0} 1) O| 136) 0 
47) Birds, Crawford, Lawrence. . . y 4,370} 115 x x z x 684 0} 28} 2) 424) 9 
48] Crawford County Division®, . 45,665] 1,945] 147,306,000} 1,398,000 z x 9,190 1/121/135} 5,849] 0 
49 ek mag Lawrence, Craw- |1906 24,150) 1,550 z x = 4,413 8} 60} 13} 3,205) 0 
or’ 
50 50 0 x & z x 5 3} 0; 0 ~ 5] 0 
51 5,015 35 x x x x 1,233 oO} yi y y| 0 
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» Footnotes to column heads and explanation of symbols are given on page 250. 
1 Total of lines 2, 6, 10, 11, 15, 22, 27, 32. 

2 Includes Kibbie, Oblong, Robinson, and Hardinsville. 

3 Includes Swearingen gas. 

6 Total of lines 37, 42, 43, 44, 45, 46, 47. 


© wCNOMARWHH | Line Number 


4 Pressures in southeastern Illinois oil fields are estimated bottom-hole 


or to 1936 (except those in parentheses) were 


5 All gravities given pri 
i State Geol. Survey Bull. 54, Table 3). The values have been 


Line Co. Gravities in parent 


TABLE 1.—(Continued) 
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Oil-pro- ; 
achion Reservoir 
Methods, Pressure, Character . ae: 7 Deepest Zone 
End of Lb. per of Oil Producing Formation Tested to End 
1941 §q. In. of 1941 
Number 
Depth, 
of Wells Avg. Ft. 
s 
s 
3s 
3 29 Name Name 
o 158 : 
a] Blas a |e 
=| 5 Es! 2 % vale cot ae 
e/g | jas) & lee ee 2 |S \2 | a= |2=| 3 ie 
El] ae & Bus} 2 SS sla S wmwl|Aol od lby S da 
2| $3 | 38s] s lestigs » | SIE lesleeleSl 2 Bs 
eas | 8 eR) 6es5 S| tS) |e EPS ese ae cee am 
0 12| z ps fe Unnam 
0} 293/200+ x 34.0 |x See one re Sag are y Se Pet 3009 
0 y| = z 30.0 |z | Shallow gas Pen (oS | Per 2ed| ayegoe| Dot 4 
0 y| =z x 33.5 |x Westfield MisL | L |Cav| 334] 446] « D 
0 y| x a 38.2 |0.18] “Trenton” Ord L_ | Por | 2,265) 2,568} z D 
0} 803) zx z| RP} 33.0 |x See below D | Dev 2,010 
0 y| x x 34.0 |x | First Siggins Pen S |Por| 367] 465) 2 D é 
0 y| = z (33.6) een and third|Pen | S |Por} 478) 562}2 | D 
iggins 
0 y| & L (25.7)|x | Lower Siggins Pen § |Por| 556) 590) x D 
0 44) z x (30.3) |z York Pen S |Por| 588] 680) z AM | Pen 960 
0] 488] 2 z|RP| 29.2 |x | See below . AM | MisL 808 
0 y| = x (31.9) |x Upper gas Pen S |Por| 263] 358] « | AM 
0 y| x x (30.1) |a Lower gas Pen S |Por| 309] 426) z AM 
0 y| « z (33.6) |x Casey Pen S |Por| 444] 505) 2 | AM 
0} 114) 2 x 36.8 |x See below D |St. Peter | 3,41) 
0 y| =x z y (\e Shallow Pen 8 |Por| 255) 411) « D z eos 
0 y\ & x Tae Casey Pen S |Por}| 499} 511) z D 
0 pez x ye Ne Martinsville MisL | L |Por| 477} 506] « D 
0 y| 2 x (88.9) |x Carper MisL | §_ | Por| 1,340] 1,418] D 
0 y| & Ey Ute “Niagaran”’ Dev L_ | Por | 1,553} 1,596) x D 
0 y| 2 x (39.6) |x “Trenton” Ord L_ | Por | 2,708} 2,830] x D 
0] 433) x 31.0 |r | See below AM | Mis 96b 
0 y| 2 2 ye Ne Claypool Pen S |Por| 416) 486} 2 | AM 
0 y| « x y |e Shallow Pen S |Por| 314) 451) « AM 
0 y\ = by eof Casey Pen S |Por| 465] 508) z AM 
0 ine x yr le Upper Partlow Pen S |Por| 534] 554/72 | AM 
0} 469) 2 x 32.2 |x See below AM | Dev 2,030 
0 y\ -& x i Wa Claypool Pen S |Por| 392} 549) 2 | AM i 
0 yl £ x YN Casey Pen S |Por| 453] 518) 2 | AM 
0 y| 2x x 4 \e Upper Partlow Pen S |Por| 489] 570) 2 | AM 
0 y| 2 x 28.5 |x Lower Partlow Pen S |Por| 598] 618] x AM 
0}. 375) « z| RP | 33.7 |x See below AM | MisL 1,471 
0 y| & @) (82.4) |x “500 Ft.” Pen S |Por| 561) 726) 2 | AM 
0 y| 2 x ye “800 Ft.” Pen S |Por| 817) 907| z AM 
Q aoe @ & Nay zt “900 Ft.” MisU} S | Por} 886) 920) z AM 
‘| x z 
0} 4,799)425+ y| RP | 33.0 |x See below St. Peter | 4,654 
0 y| @ Eo y |e Shallow Pen S |Por| 508) 822) 2 | ML 
0 y| « fa} 32.8 |x Robinson Pen § |Por| 900} 960/25+| ML 
0 y| «& i y ° \e Oblong Mis |§,L | Por] 1,337/ 1,416} 2 |A, ML 
0 Te @ y |e Devonian Dev L_ | Por | 2,794] 2,805)11 ML 
0} 146) « a| RP | 30.1 | Robinson Pen S |Por| 940] 975) x ML | Mis 2,056 
0 60) z @ YL \e Robinson Pen S |Por| 995} 1,015} « ML | Mis 2,279 
0} 219} « £ 29.5 |x Robinson Pen S | Por | 1,000) 1,025) « ML | Pen 1,127 
0 65] « cs 22.5 |x Robinson Pen S |Por| 912] 930) x ML | Pen 1,041 
Ol 136) = a| RP | 31.8 ae (Flat Pen S |Por| 935) 945) < | ML | Dev 3,110 
oc 
0 Ber ae z| RP te z Robinson Pen S |Por| 930} 950) ¢ | ML nae 1,731 
0) 5,849/425+ ZL 38 |x t. Peter | 4,654 
0} 3,205/650+ z| RP | 32.9 |z See below A |St. Peter | 5,190 
0 Hy ge fe TN Pennsylvanian Pen S |Por] 290) 320) z A 
0 le, fog ipaan ts Bridgeport Pen S | Por] 800) 1,000)40 A 


heses are for particular samples (see Illinois 


converted from Baumé to A.P.I. gravities. 


pressures reported in previous Survey publications. 
from data for the year 1925 furnished by the Illinois Pipe 
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Total Gas 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
Year 
: of 
Field, County Dis- = 
covery 2 
. » | To End of During 
Fl eas 1941 1941 3 s 
F s3/_|,/2/5 
E oil a z g Sr 2 a 4 
Z Bs i/f.(/a5|algial = ig 
: ae [ss | 8a] 8 |Z(E| 2 IE 
He Be tats: Oo }sle| & la, 
52 2,240 0 x x x z 476 1] yl y y| 0 
53 345} 1,095 os z z Zz 243 oO} vi y y| 0 
54 15,960} 220 z z z z 3,017 Oo] vl y y| 0 
55 4,020} 200 x z z z 691 3} vl y y| 0 
56 6,950 0 z z z z 959 1) wi y| 0 
57| St. Francisville, Lawrence... 420 0 z z x z 55 0} 1) 0 30} 0 
58] Lawrence County Division’: . 24,570! 1,550) 227,790,000 1,826,000 z z 4,468 8} 61] 13} 3,235) 0 
59] Allendale, Wabash......... 1912 1,680 0| 5,106,000 257,000 x z 473 46) 1) 0 252} 0 
60 y 0 z z £ z 430 3} 1) 0} 209) 0 
61 y 0 x z 2 z 3 3} 0] 0 3} 0 
62 y 0 z z z z 3 3} 0} 0 3} 0 
63 y 0 x z z z 6 6} 0} 0 6) 0 
64 y 0 z x z z 24; 24) O}] 0 24| 0 
65 y 0 x x z z if 7| O| 0 7| 0 
66] Total Southeastern Fields®. . 91,855] 3,970] 433,349,200] 3,875,200 2 z | 19,105 61/226| 186] 12,367| 0 
67] Ayers gas, Bond............ 1922 0} - 325 0 0} 207.8) 13.4 19 0} Oo} 0 0} 7 
68] Greenville gas, Bond........ 1910° 0} 160 0 0} 990.0) 0 4 0} Oo} O 0| 0 
69] Bartelso, Clinton........... 1936 580, 0} 1,017,000 278,000 0 0 72 8} 2) 0 70| 0 
70 320 0 7,000 149,000 0 0 47 7 2) 0 45] 0 
71 230 0 340,000 129,000 0 0 25 1; 0} 0 25] 0 
72| Carlyle, Clinton.......0.0.% 1911 915 0| 3,428 000 26,000 0 0 165 0} 0} 40 103} 0 
73| Frogtown, Clinton.......... 191810 300 0 : 0 0 0 12 0} Oo; 0 0} 0 
74| Ava-Campbell Hill, Jackson. |191711 70| 370 0 z 0 35 0} 0} 0 0) 0 
75| Colmar-Plymouth, McDon- |1914 2,450 0 2,787,000 114,000 0 0 485 3} 0} 71) 218) 0 
ough, Hancock 
76 Carlinville, Macoupin....... 19092 30 50 z 0 x 0 8 0} Oo] 0 0} 0 
77) Gillespie-Benld gas, Macou- |192318 0 80 0 0} 135.8) 0 4 0} 0} 0 0) 0 
in 
78 Gillaacie- Wen, Macoupin. .|1915 40 0 z 0 0 0 22 0} 0} 12 0} 0 
79 peerue Needle Creek gas, |191514 0 80 0 0} 14.4) 0 7 0} Oo} 0 ojo . 
acoupin 
80 ender eg gas, Macoupin. .. .|191615 0} 400 0 0} 1,050.0) 0 18 0} oO] 0 0| 0 
81] Collinsville, Madison....... 190916 40 0 850 0 0 0 6 0) Oo] 0 0) 0 
82| Brown-Langewisch Kuester- |1910 175 0 x x 0 0 10 0} 0} 0 9) 0 
Junction City, Marion 
60 0 x F 0 0 6 0} 0} 0 5] 0 
84 ; 115 0 z z 0 0 4 0} O| 0 4| 0 
85] Sandoval, Marion.......... 1909 770 0} 4,631,000 450,000 0 0 150 1] 22] 0 28] 0 
86 770 0} 2,690,000 10,000 0 0 123 0) 13) 0 10} 0 
87 380 0 1,941,000 440,000 0 0 27 1] 9) 0 18] 0 
88 Ra are Clinton, |1921 250 0 439,000 17,000 0 0 104 0} 6) 0 30) 0 
‘ashington 
89 Litchfield Montgomery...... 187917 100 0 22,000 0 0 0 18 0; 0} 0 0} 0 
90) Waterloo, Monroe.......... 192018 230 0 214,000 17,000 0 0 41 3} 0} 0 15] 0 
91 Jacksonville gas, Morgan... . 191019 30] 1,290 2,100 0 4 0 53 0} 0} 0 0} 0 
92 piped (Pike County) gas, |18862 0} 8,960 0 0 z 0 68 0} O| 0 0; 0 
93] Sparta, Randolph.......... 188821 65} 100 2 0 r 0 a 0} 0] 0 0| 0 
94] Dupo, St. Clair............ 1928 670 0} = 1,579,000 304,000 0 0 27); 0} 0 91/0. 
95 Total’ for fields discovered 98,600] 15,830] 447,533,000} 5, 145, 000} 2,388.0) 13.4] 20 ie 106|256|309] 12,931) 7 


prior to Jan. 1, 193722 


7 Total of lines 49 and 57. 13 Abandoned 1935. —« 19 Abandoned 1937 


8 Total of lines 1, 36, 48, 58, 59. M4 Abandoned 1934. 20 Gas not used until 1 4 

9 Abandoned 1923. 16 Abandoned 1919. 1930. sit pepe er 
10 Abandoned 1933. 16 Abandoned 1921, 21 Abandoned 1900. 

1 Abandoned 1934, 17 Abandoned 1904. 22 Total of lines 66 to 94 inclusive. 


12 Abandoned 1925, 18 Abandoned 1930, revived 1939. 
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pa Reservoir 
Methods Pressure, Character Produci ‘ Deepest Zone 
Endof” Lb. per of Oil roducing Formation Tested to End 
i941, | Sa dn. of 1941 
Number 
of Wells ik 
3 
S 
3 Secs Name Name 
fo) eo 4 
be = leple! B 
2 S| 2 la-3 2/3 
g =| 5 |<E 9) 8 Bslels | sige] 2 ae 
e\s\3 | _ jas] 2 le-#lse S| 2IE,/85\6%| 8 ac 
o| EF] Se — ao] & |S ola, ° g a Bae SZ lH wl) S as 
alo| 3 sate iesheti Bo FSS > 8 2/as/Seler| B WM) 
ale | a | 4 |<" | 2 joes 2/8 \a lesa ie) # aa 
52) 0 y| x z y- |e Buchanan Pen S | Por | 1,250} 1,265) 15) A 
53] 0 y| 2 z y is “Gas” MisU | S | Por|1,380}1,345} 15) A 
54) 0 y|600+ x w \% Kirkwood MisU | 8S. | Por] 1,400) 1,430} 30} A 
55) 0 y|650+ 2, y |e Tracey MisU|] S| Por] 1,560) 1,580) 20) “A 
56} 0 y| 2 x y |a McClosky MisL | L | Por| 1,700) 1,710} 10) A 
57| 0 30/600 z 37.3 |x Bethel MisU} S | Por| 1,843) 1,865} 22) ML | Mis 1,900 
58] 0} 3,235) x x St. Peter | 5,190 
59) 0 252 RP AM | MisL 2,367 
60} 0 209| = x 35.1 |x Biehl Pen S| Por | 1,425} 1,460} 20 
61) 0 Hj Be x Tp Nie Waltersburg MisU| S | Por} 1,540} 1,560] 15 
62} 0 3 x y |e Tar Springs MisU} S| Por] 1,620) 1,640} 20 
63] 0 6| 2 z y it Cypress MisU | S_ | Por] 1,920) 1,930} 10 
64) 0 24) 2 Es y |e Bethel MisU| S_ | Por} 2,010} 2,020 9 
65) 0 7|900 Ee e.g McClosky MisL | L_ | Por| 2,280} 2,290 8 
66] 0} 12,367 ; 
67 335 y Lindley (2d) MisU| S |Por| 940} 945] 5] A | Dev 2,181 
68 x Lindley (1st.,2d) |MisU| S |Por| 927} 993} 2x} A | Dev 2,290 
69} 0 70 D |S8t. Peter | 4,213 
70| 0 45) 2 Ed 36.2 |0.20| Carlyle MisU} S |Por| 984] 1,008} 24) D 
71; 0 25) a 2 41.5 |0.27| Devonian Dev L_ | Por| 2,429|2,447; 9} D 
72| 0 103) « zt 35.2 |0.26| Carlyle MisU} S_ | Por| 1,035}1,055) 20) A | St. Peter 4,120 
73| 0 O} w 31.9 |x Carlyle MisU| S |Por| 950} 957; 7| D_ | Cypress 962 
74) 0 0] z a |e Cypress MisU| S |Por| 780] 798} 18} A_ | Dev 15380 
7, 0) 218) -r z| RP | 37.6 |0.38} Hoing Dev S |Por| 447) 468) 21] A |“Trenton’”| 805 
76| 0 0/135 27.7 \x Unnamed Pen S |Por} 380] 398} «| A |Pen 410 
77| 0 0}155 Unnamed Pen S |Por} 542} 555} a) A |Pen 575 
78| 0 0| « ba 30.0 |x Unnamed Pen S |Por| 650) 670) 2} T | “Trenton” | 2,560 
79| O (0) ee Unnamed Pen S |Por| 305] 405) <z| D | Pen 495 
80) 0 0/145 Unnamed Pen S |Por| 461) 491) 2) A | “Trenton” | 2,371 
81] 0 (0) ed De Ne Devonian-Silurian eee L | Por|1,305/1,400} 20) ML | Sil 1,500 
82) 0 9 
83) 0 bl oe x 32.0 |x Dykstra, Wilson Pen S |Por} 610} 630) 20| D | MisL 2,001 
84) 0 4| 2 2 32.0 |r Cypress MisU| S | Por| 1,658] 1,673} 15} D | Dev 3,344 
85} 0 28 D |St. Peter | 5,023 
86} 0 10} iz 2 34.5 |x Benoist MisU| S_ | Por] 1,540} 1,560/20+) D 
87| 0 18) « z 38.0 |0.38} Devonian Dev L_ | Por | 2,924] 2,969} 9| D ‘ 
88} 0 30)) 1% be 30.2 |r Petro Pen S$ |Por| 720] 760} 20) D | Mis 1,760 
23.0 |0.42| Unnamed Pen § |Por| 664) 674, z| D |Pen 681 
a0 0 5 : x 30.2 |0.79| “Trenton” L |Por| 410) 460) 50) A |‘“Trenton” | 845 
91; 0 0] z a et Gas aie §,SL| Por] 330] 335) 5] ML | “Trenton” | 1,390 
! is 
92) 0 0| « “Niagaran” Sil L |Por| 265; 275) 10! A | St. Peter 893 
x Cypress MisU| S |Por| 850} 857] 7| D | MisU 985 
of 0 ol : z 32.7 0,70 “Trenton” Ord L |Por| 561) 601; 50) A “Trenton” | 819 
95| 0} 12,931 
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Total Gas : 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
bd 
: 0) 
Field, County Dis- g 
covery a 
: » | To End of During 
sgn iret fea 7) 1941 3 é 
on cm =| Es 
- 3 2 6 og 
zl - E2| B)E/3| Fle 
w= eo 2s 2 S s* 
ZA =e “i a |S 3 3 - 
‘ aS |es| 2 | 2 /3/6| 2 [ 
3 ee a= OFS failed, wes 
96] Sorento, Bond............. 1938 30 0 4,000 0 0 3 0} oO; 1 0} 0 
97| Woburn, Bond.............]1940 200 0 257,000 164,000 0 0 27 3} 0} O 27| 0 
98) Clay City West, Clay....... 1941 40 0 x 0 0 2 2} 0} 0 2) 0 
O91 Plora; Clay viccacres Re ies 1938 250 0 386,000 78,000 0 0 21 2} 2) 0 18| 0 
100 10 0 Z = 0 0 1 1] 0} 0 1; 0 
101 y 0 z r 0 0 3 1} 0} 0 3} 0 
102 10 0 = x 0 0 1 0} 0} 0 1| 0 
103 y 0 z | 0 0 16 0} 2) 0 13) 0 
104) Tolas-Clay mana ok eG hios 193928 70 0 11,000 3,000 0 0 5 3} 0} 0 3) 0 
106 Xeniny Clay. seek ee ee 1941 10 : eee ue : : MG = . ; a : 
06) Sailor Springs, Clay........ 1941 230 , , 
107 oe : z 0 Eo z 0 0 20 20; 0} 0 20] 0 
108 x 0 = z 0 0 4 4) 0} 0 4,0 
109 x 0 x z 0 0 1 1] 0} 0 1,0 
110} Clay City Consolidated, |1937 12,950 0} 24,891,000} 4,969,000 0 0 700; 118) 11) 4 676 
Clay, Wayne 
111 z 0 F r 0 0 23 20) 0} 0 23] 0 
112 x 0 z x 0 0 1 0} O| 0 1; 0 
113 x 0 x z 0 0 9 7} 0} 0 9} 0 
114 < 0 x z 0 0 3 3} 0] 0 3] 0 
115 z 0 z= z 0 0 656 83} 11) 4 632) 0 
116 8 5} 0} 0 8} 0 
117] Boulder gas, Clinton........ 1941 0 10 0 0 0 0 1 1] 0} 1 0} 0 
118} Hoffman, Clinton. ......... 1939 300 0 266,000 150,000 0 0 44 3} 0} 0 44) 0 
119 x 0 z 0 0 10 2) 0] 0 10| 0 
120 z 0 z F 0 0 34 1h: 0)0 34) 0 
121] Posey, Clinton.........+.+. 1941 20} 0 2,000 2,000; 0 | 0 2} 2] o| o 2l 0 
122] West Centralia, Clinton.... . 1940 70 0 x 0 0 6 5; 0} 0 6) 0 
123] Centralia, Clinton.......... 1937 2,850 0} 20,098,000} 3,578,000 0 0 906 8} 82} 4 797) 0 
124 x 0 x x 0 0 23 1] 0] 0 23) 0 
125 s 0 x x 0 0 562 5} 9) 2 529) 0 
126 x 0} 10,780,000} 1,630,000 0 0 319 2) 73) 1 244| 0 
127 x 0 0,000 7,000 0 0 2 DO Opa 1,0 
128} Cooks Mills, Coles.......... 1941 10 0 1,000 1,000 0 0 1 1] 0} 0 1) 0 
129] Mattoon, Coles............ 193924 20 0 17,000 8,000 0 0 2 0; oO}; 0 1,0 
130 10 0 x r 0 0 1 0} 0}; 0 0| 0 
131 10 0 17,000 8,000 0 0 1 0} Oo] 0 1; 0 
132] Albion, Edwards........... 1940 820 0} 1,841,000 886,000 0 0 701 2015 d10 78| 0 
133 x 0 x x 0 0 3 0} 0} 0 3} 0 
134 z 0 x F 0 0 10 0} 0} 0 10| 0 
135 x 0 x x 0 0 
136 x 0 x x 0 0 
137 2) 0 z z 0 0 61 15} 1] 0 60} 0 
138 5 5} 0) 0 5) 0 
139] Bone Gap, Edwards........ 1941 20 0 66,000: 66,000 0 0 4 4; 0] 0 410 
140} Cowling, Edwards.......... 1939 100 0 245,000 169,000 0 0 13 Oo} 1) 0 11] 0 
141) Ellery, Edwards, Wayne... .|1941 20 0 13,000 13,000 0 0 2 2} 0} 0 210 
142] Grayville, Edwards, White. . .|1939 80 0 124,000 29,000 0 0 8 Oi 1 8 410 
143] Mason, Effingham.......... 1940 120 0 154,000 145,000 0 0 16 15} 0] 0 16} 0 
144 80 0 x 0 0 8 8} 0] 0 8} 0 
145 80 0 x x 0 0 8 7 0) 0 8) 0 
146] Louden, Fayette, Effingham. .|1937 19,750 0} 69,719,000} 22,918,000 0 0 1,934; 181] 9} 2] 1,912] 0 
147 19,750 0 x x 0 0 939} 84) 0} 1) 927) 0 
148 ,000 0 x 2 0 0 323 pO Ue a | 321) 0 
149 7 0 x x 0 0 425 41 7| 0} 418] 0 
150 2,400 0 1,030,000 1,030,000 0 0 59 59} 0] 0 59} 0 
151 188} 23) 1] O| 187) 0 


23 Abandoned 1940; revived 1941. 24 Abandoned 1939; revived 1940. 
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Oil-pro- R 5 
Mactan eons : , 
Methods ressure, Character ine ' Deepest. Zone 
aap haiee Lb. per of Oil Producing Formation Tested to End 
1941 Sq. In. of 1941 
Number De 
pth, 
of Wells Ave. Ft. 
3s 
s 
si 
= 29 Name Name 
So | z 
3 a] Be lays 2% 
g = 3/5 HE o| Ble ld 2 |g 5] < PS 
Z\2iS | = [a] 3 ie 888 S12 | 2h tee] 8 i 
e/El/ge| 2 /Ss| 2 Ress . | 2 /eleelgeeel € ae 
S\e| 85 | 2 | £8) s s<ise ® | | 5 |Ssi|Se (se! 8 Be 
Bie| a4 | 8/2") a oo“ 2 a Pe ea te ie am 
96} 0 Oi} sx x a Devonian Dev L_ | Por] 1,880} 1,893) 5 D_ | Dev 1,893 
971 0 27 x x 36.4 |0.20] Bethel MisU| S_ | Por} 1,008} 1,024/11 A | Dev 2/454 
98) 0 2 a y \y McClosky MisL | L—} Por | 3,050} 3,080/15 A | MisL 3,080 
99) 0} 18 D | MisL 3,100 
100} 0 tz x cae Tar Springs MisU} S | Por| 2,320) 2,332)12 
101) 0 al & x ae Cypress MisU| S_ | Por| 2,595) 2,614) 5 
102} 0 ee x 37.4 |x ‘Bethel MisU| S| Por | 2,788} 2,800]12 
103} 0 13 ae x 37.2 |0.24) McClosky MisL | L | Por| 2,965} 2,978) 6 
104) 0 3) & x 35.4 0.25] Aux Vases MisU| S | Por| 2,335} 2,351)11 D | MisU 2,383 
105) 0 Se x 35.2 |x Aux Vases MisU| S_ | Por | 2,785} 2,806]12 D | MisU 2,806 
106) 0) 25 D | MisL 3,047 
107; 0 20) z © 39.5 |0.29| Tar Springs MisU| S_ | Por] 2,340} 2,360/15 
108) 0 4| z z 38.5 |x Cypress MisU| S_ | Por} 2,590} 2,610]10 
109} 0 Ea F 36.4 |x McClosky MisL | L_ | Por} 3,009} 3,047| 5 
110} 4) 672 PM A | Dev 4,840 
111; 0 23) = £ 37.9 |a Cypress MisU| S_ | Por | 2,670} 2,680/10 
112} 0 A) z 38.0 |x Bethel MisU| S_ | Por | 2,880} 2,885] 5 
113} 0 9) « z 38.0 |x Aux Vases MisU| S_ | Por | 2,910} 2,935)15 
114) 0 3) 2 x 38.0 |x Rosiclare MisL | S | Por| 2,970] 2,974) 4 
Ha ote x 2 38.5 |x McClosky MisL | L_ | Por} 2,980) 2,990/10 
33 
117) 0 0} =z x Devonian Dev L_ | Por| 2,618} 2,668/50 D | Dev 2,668 
118} 0 44 D_ | Dev 2,914 
119] 0 10| z x ec |e Cypress MisU | S_ | Por| 1,185} 1,201) 9 
120) 0 34) 2 a 32.2 |0.21| Bethel MisU| S_ | Por| 1,319} 1,326} 7 
121) 0 QW oe EZ 36.1 |0.17| Cypress MisU| S_ | Por] 1,105) 1,110) 5 D | MisU 1,110 
122) 0 6] « a 2 \¢ Bethel MisU| S | Por| 1,408) 1,415) 7 D | MisU 1,415 
123) 0} 797 PM A |“Trenton”’ | 4,068 
124) 0 Oi eer 100 36.4 |x Cypress MisU| S | Por] 1,200) 1,215}15 
125) 0| 529) = 10 37.4 |x Bethel MisU| S_ | Por} 1,355) 1,375|20 
126) 0| °244) = 275 37.4 |0.38| Devonian Dev L_ | Por | 2,860} 2,874}14 
AVA A lem) 1) « z 43.2 |0.28| “Trenton’”’ Ord L_ | Por | 4,020} 4,120/40 
128} 0 Lit x 37.0 |x Aux Vases MisU| S| Por| 1,824} 1,834/10 A | MisU 1,842 
129) 0 1 A |St. Peter | 4,908 
130} 0 0} « x 44.1 |0.16| Cypress MisU| S_ | Por| 1,885) 1,919|25 
131) 0 Ay ee x 36.6 |0.29| McClosky MisL | L_ | Por| 2,000) 2,027|1 
132) 0 78 A | Dev 5,185 
133] 0 3i\- x x 34.0 |x Bridgeport Pen S| Por | 1,571) 1,622/10 
134} 0 10| 2 x 34.0 |x Waltersburg MisU| S$ | Por | 2,365) 2,375/10 
135 Ey % 38.0 |x Bethel#4 MisU| S_ | Por| 2,935) 2,949)14 
136 x x 39.0 |x Aux Vases*4 MisU| S_ | Por | 3,040} 3,056/16 \ 
137| 0 60} =« 200 40.0 |0.18] McClosky MisL | L_ | Por} 3,108) 3,119)11 
138} 0 5 88 
139| 0 4| x 38.5 |x McClosky MisL | L | Por| 3,266] 3,325) 8 D | MisL 3,325 
140} 0 il! ¢ 2 36.6 10.23 TeSS MisU} S| Por| 2,620] 2,640/12 D | MisL 3,175 
141| 0 2) « x 39.1 |x eClosky MisL | L | Por] 3,341) 3,843/12 D | MisL 3,343 
142} 0 4| a x 35.8 |0.31| McClosky MisL | L_ | Por| 3,093} 3,188) 6 A | MisL 3,269 
143) 0 16 A | MisL 2,500 
144) 0 Ol ee @ cee ae Bethel MisU} S| Por] 2,305) 2,316/11 
145| 0) 8} 2 x 38.1 |x McClosky MisL | L_ | Por| 2,490) 2,497| 7 
146|290| 1,622 PM } A | St. Peter | 4,679 
147| 65} 862) z 338 36.6 |0.25| Cypress MisU} S_ | Por] 1,493} 1,515)22 
148) 5) 316) 2 401 37.8 |0.24| Paint Creek MisU| S | Por} 1,530) 1,545/15 
149} 5 413) 2 382 38.5 |0.20) Bethel MisU| S_ | Por} 1,550} 1,566)16 
150) 44 15} z | 1,331 29.0 |0.40| Devonian Dev L_ | Por| 3,000) 3,025/15 _ 
151/171 16 ad 


33 Wells producing from more than one sand, see Table 2. 34 Producing in combination wells. 
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TABLE 1.—(Continued) 


Total Gas . 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. illions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
Year 
J of 
Field, County re = 
covery 2 
: » | To End of | During 
OR ee ages 1941 3 i 
eS. on a = go 
g = 3A =z a|¢ 2 ||P 
Zz BS |volac| elsis] 8 
: ee (28| 22 | 2 lalzl EE 
3 a ja" 1% Oo faje| & |é 
152) St. James, Fayetie.......... 1938 1,880 0| 4,178,000; 1,965,000 0 0 188 11] 0} 2 180} 0 
153] St. Paul, Fayette........... 1941 20 0 2,000 0 0 2 2} 0} 0 2) 0 
154] Benton, Franklin........... 1941 1,865 0} 6,990,000; 6,990,000 0 0 222} 222) O| O} 222) 0 
155] Benton North, Franklin..... 1941 60 0 3,000 33,000 0 0 6 6} 0} 0 6| 0 
156 20 0 z z 0 0 2 2} 0} 0 2} 0 
157 20 0 z z 0 0 2 2} 0} 0 2) 0 
158 20 0 x 0 0 2 2} oO; 0 2) 0 
159] Thompsonville, Franklin... .|1940 220 0 188,000 117,000 0 0 19 3} O| 0 19] 0 
160] West Frankfort, Franklin. . .|1941 10 0 z z 0 0 il 1] oO} 0 1; 0 
161} Whittington, Franklin...... 1939 10 0 16,000 5,000 0 0 1 0} oO] 0 1; 0 
162} Inman, Gallatin............ 1940 40 0 156,000 154,000 0 0 7 7} 0} O 7| 0 
163 F 0 z z| 0 0 1 1] Oo} 0 1/0 
164 E 7 0 z z 0 0 4 4, 0} 0 4,0 
165 ¢ 0 z z 0 0 1 1} 0} 0 1,0 
166 x 0 Z| z 0 0 1 1] 0} 0 1,0 
167| Inman East, Gallatin....... 1940 290 0 312,000 310,000 0 0 36] 36) O} 1 35| 0 
168 x 0 z 2 0 0 3 3} 0; 0 3} 0 
169 x 0 = z 0 0 24, 24) OQ) 1 23) 0 
170 = 0 z z 0 0 6 6} 0} 0 6] 0 
171 a 0 z x 0 0 3 3) 0; 0 3} 0 
172] Inman North, Gallatin...... 1941 20 0 5,000 5,000 0 0 2 2} Ota 2) 0 
173} Junction, Gallatin.......... 1939 150 0 168,000 44,000 0 0 14 0} O| 0 14| 0 
174] Omaha, Gallatin. .......... 1940 260 0 370,000 364,000 0 0 20 19} 0] 1 19] 0 
175 x 0 x x 0 0 17 16] 0} 1 16] 0 
176 x 0 x z 0 0 3 3} 0} 0 3| 0 
177| Belle Prairie, Hamilton. ... . 1940 20 0 35,000 32,000 0 0 2 1} 0} 0 2) 0 
178] Bungay, Hamilton......... 1941 10 0 3,000 3,000 0 0 1 1} 0} 0 1) 0 
179] Dahlgren, Hamilton........}1941 540 0 681,000 681,000 0 0 42} 42) 0] 0 42! 0 
180} Dale, Hamilton............ 1940 1,230 0} 2,884,000) 2,555,000 0 0 136} 112) 1) 0 135] 0 
181 z 0 z x 0 0 27 5] 0} 0 27| 0 
182 z 0 z z 0 0 8 8} Oo} 0 8} 0 
183 2 0 r+ x 0 0 72 72| 0} O 72] 0 
184 z 0 2 & 0 0 20 18) 1} 0 19] 0 
185 ’ 9 9} 0} 0 9} 0 
186] Hoodville, Hamilton........|1940 1,310 0| 4,069,000} 3,725,000 0 0 155} 103} 0} 1) 154) 0 
187 x 0 z z 0 0 76} 26 1 75| 0 
188 x 0 F z 0 0 42 42] 0} 0 42! 0 
189 z 0 z z 0 0 4 21 0} 0 410 
190 ‘ 33] 33} 0] 0 33] 0 
191} Rural Hill, Hamilton....... 1941 900 0} 1,615,000) ~—- 1,615,000 0 0 95} 95) 0} 0 95| 0 
192 2 0 z zr 0 0 39} 39) 0} 0 39) 0 
193 z 0 z x 0 0 5 5} 0} 0 5} 0 
rh x 0 | ] 0 0 = os 0| 0 19 
2; 0; 0 32| 0 
196] Walpole, Hamilton......... 1941 270 0 208,000 208,000; 0 0 18; 18) 0} 0 18] 0 
197) Elkville, Jackson........... 1941 10 0 500 0 0 1 1; 0} 0 1,0 
198] Hidalgo, Jasper............ 1940 20 0 7,000 2 0 0 2 OQ}. Tt ey 0} 0 
199] North Boos, Jasper........ 1940 540 0 995,000 805,000) 0 0 46) 36) 0} O 46] 0 
200) Ste. Marie, Jasper......... 1941 40 0 16,000 16,000 0 0 3 3} 0} 0 3] 0 
201) Cravat, Jefferson...........|1939 100 0 125,000 48,000 0 0 11 0; Oo] Oo 11] 0 
202] Dix, Jefferson............. 1938 1,460 0} 2,360,000! 778,000 0 0 V6} 5 28), 20))..10 76) 0 
203] Elk Prairie, Jefferson....... 193825 10 0 700 0 0 1 0} Oo] 0 0} 0 
204| Ina, Jefferson........ joni 193826 10 0 15,000 1,000 0 0 1 0} 1) 0 0} 0 
205| Marcoe, Jefferson.......... 193827 20 0 12,500 0 0 2 0} 1 Oo 0| 0 
206] Roaches, Jefferson......... 1938 120 0 334,000 89,000 0 0 10 0} 0} O 10] 0 
207| Woodlawn, Jefferson........ 1940 1,120 0} 2,533,000) 2,532,000 0 0 137; 136) 0} 2 
208] Ruark, Lawrence........... 1941 10 0 x x 0 0 1 1} 0} 0 “af | 


25 Abandoned 1940. 26 Abandoned 1941. 27 Abandoned 1941. 
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Oil-pro- 4 
duction ae abe Characti Deepest Zone 
Methods, | “Tp oan’ Ol Producing Formation Tested to End 
End of Lb. per of Oil oP edd 
1941 Sq. In. 
Number Depth, 
of Wells Avg. Ft. 
% 
i a Name Name 
2, |as 
5 i} ep tie ale 
r=) S| 4 7 a “ a : 
5] ols SLE TF a. 8 8/3/38 a (de| 2 ‘si 
z\2\2_ | a | se] 8 Brees  |Bléelfalesl 4 phe 
z/5| S| = | ee] & SS 28s 3 | 2 | Elegie ise] 2 ae 
Sle) a7 |) 8 a") a oes e™ 4°) Om la he te) oe fa 
152 34.4 |0.31] C. MisU| S. | Por| 1,581) 1,600/16 A | Dev 3,375 
163 i; o 3 34.0 |x Bethel MisU S| Por | 1,885} 1,906} 6 D MisU 1906 
154) 0 222) 2 £ 40.6 |0.11| Tar Springs MisU| S| Por] 2,100) 2,150/34 5 tee Hae 
155] 0| 6 is : 
156} 0 Zien z Tea Bethel MisU| 8 | Por] 2,606) 2,623/10 
157| 0 PAN x Sema Aux Vases Heed : re es ad » 
150 0 15 - 37.8 |0.16 MeClacky MisL | L | Por|3/121/3'136/10 | A | Mish 3,136 
160} 0 1) = x g | Tar Springs _|MisU| 8 | Por|2 "054 2,080|14 D Mish ane 
161) 0 th 2 x 37.6 |0.24| McClosky, St. Louis} MisL | L | Por 9/869 3,068} 9 2 Nuns ae 
162} 0 7 it ’ 
163) 0 i) az x 36.0 |x Palestine MisU| S$ | Por 1,832] 1,842}10 
164) 0 4| 2 x 36.9 |x Tar Springs MisU| S_ | Por} 2,073) 2,090) 8 
165) 0 LY x x Gp Nig Cypress MisU} 8 | Por} 2,400) 2,441) 5 
166) 0 gy x e is Aux Vases MisU| S | Por} 2 "743 2,778|13 ulm ees 
167; 0| 35 : 
168} 0 a @ E7 24.4 |0.31| Pennsylvanian Pen S |Por| 780} 792/12 
169} 0 23) 2 x 33.3 |x Tar Springs MisU | 8 | Por | 2,082| 2,097|15 
170} 0 6| z © ce \z Cypress MisU| S_ | Por | 2,430 Hee 10 
171} 0 3] « x ole McClosky MisL | L | Por| 2,804 30t0 10 Me aap 
172} 0 2) a x cn to McClosky MisL | L | Por | 2,850) 3, DB ee ae 
173) 0 14 « x 37.2 |0.22| Waltersburg MisU| S_ | Por| 1,763) 1,804/15 B ag a 
174| 0] 19 3, 
175) 0 16) & 425 25.9 |0.23 Palestine MisU 8S | Por | 1,690 ae 0 
176] 0 0| 2 425 27.0 |x | Tar Springs MisU| § | Por| 1,880 3" 90 4 ee snd 
i) of al 2 z BE) So eae Meu] § [Por |siarsls2oolis | Db | Maz 3.513 
178} 0 Ay a z x |x ux Vases is ’ 1 °, 
179} 0 42) « z 38.7 |0.18} McClosky MisL | L_ | Por} 3,337|3,359]10 - tee peer 
180] 16] 125 : j 
37.6 |0.25| Cypress MisU| S| Por| 2,678] 2,708)18 
82 a : 39.0 |x Bethel MisU | 8 | Por| 2,890) 2,910/20 
183| 6 66| « z 88.5 |z | Aux Vases MisU | S_ | Por | 2,970) 3,000)30 
184; 0 19} « (2 39.0 |x McClosky MisL | L_ | Por} 3,143} 3,185/10 
2 laclerte i ea D | MisL 3,224 
ig? ji ve a by 39.0 |0.19] Bethel MisU| S$ | Por | 2,952) 2,975)20 
188) 1 41) « z 39.0 |0.39] Aux Vases MisU | S| Por 3,050 3,065}15 
189} 0 4) 2 z 39.0 |x McClosky MisL | L | Por| 3,146) 3,224)10 
nou eae ' m A | Mish 3,320 
2 74 ; ; 
ion Fr 39] « z 38.0 |0.15} Aux Vases MisU| § | Por}3,135 once a \ 
193) 0 5] 2x Fo a |e Levias MisL | L | Por 3,200 Paes 
194) 9 10) x Bs 38.6 |0.19| McClosky MisL | L | Por 3.260 3,320 
195} 12; 20 33 : : 
Ba Hs | [wool |hupsiem [au] 8 leelamoramtor | 8 [aie faa 
197; 0 Eo c cis i i 
ed OE] 3 [eal lteenty [HIE USIeeiaatre | i |e 
Dalen e Ole Por | 2'823) 2'833/ 8 | A | MisL 2/833 
200) 0 Sieg x 41.0 |z | McClosky MisL | L or tear 6 twee 9'356 
eral 4 re 0 a GH ete Ma 5 io we 1,961/13 A | Devonian 3,650 
Br Ol OL: ee eae MoClosky Mis | L | Por|2’718|2'751| 7 | D_ | MisL 2/958 
ie Z 5 6.410 isl | L | Por|3,002|3,007| 5 | D | MisL 3.064 
204) 0 Oz x 36.4 |0.20] St. Louis MisL ‘or | 3, vesl11 D | MeL 3'066 
23.2 10.54] McClos! MisL | L_ | Por} 2,746) 2, i 
30 . 10 E; a 37.0 |0.22 MoCo, Rosi- MisL | L, § | Por | 2,187 2,257 22 D | MisL 21985 
clare 7 
i 60} 1,984)24 A | MisL 2,304 
1 250 37.8 |0.16) Bethel MisU| S| Por} 1,9 A i 
a Q : x 32.0 |x Buchanan Pen S | Por | 1,514 1,531)14 D | MisL 2,320 
ee a a a 
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Total Gas : 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
Year t 
: of 
Field, County Dis- a 
covery 3 
u .» | To End of During za 
A an 1941 1941 z . 
on a =| @ 
s nop res | cen ane 
E B= | Blele| 2 2 
z BS \ei/ec| algal 3 8 
2 AS ;es| Fe] #/ 3/8] & 
z| ae? fat oP lS fae cae 
209) Russellville gas, Lawrence. . . |1937 0| 1,620 0 0} 2,818. 5)863.0 9 8} 1) 0 0/48 
210 0} 1,600 0 0 z = 8 4; 0} 0 0| 8 
211 0 260 0 0 Fe zr 41 4; 1) 0 0/40 
212) St. Francisville East, Law- |1941 30 0 x z 0 0 3 a” Oh: 0 3| 0 
rence 
213] South Lawrence, Lawrence. .|1941 60 0 z x 0 0 7 7| 0} O 7| 0 
214} Carlinville North, Macoupin |1941 30 0 x z 0 0 3 3} 0} 0 3) 0 
215] Alma, Marion............. 1941 20 0 8,000 8,000 0 0 2 2} O| 0 2| 0 
216} Patoka, Marion............ 1937 900 0} 2,496,000 418,000 0 0 130 13} 4) 0 113) 0 
217 885 0 x F 0 0 127 12) 4| 0 110} 0 
218 15 0 zr z 0 0 3 1} 0} 0 3| 0 
219] Patoka East, Marion....... 1941 430 0 663,000 663,000 0 0 56} 56} 0} O 56] 0 
220 0 0 z z 0 0 51 51; 0} 0 51| 0 
221 0 0 z Z 0 0 5 5} 0} 0 5| 0 
222) Salem, Marion............ 1938 9,070 0} 152,266,000} 29,510,000 0 0 2,416 11] 13} 27) 2,858) 0 
223 9,070 0 zr x 0 0 459 4; 0] 16 439| 0 
224 az 0 x x 0 0 152 6} 2) 1 149| 0 
225 x 0 z z 0 0 550 0; 9} 3 §23} 0 
226 0 x x 0 0 8 0} Oo} 0 8| 0 
227 5,000 0| 31,530,000) 3,930,000 0 0 541 1; 2} 2); 439) 0 
228 1,000 0 918,000 918,000 0 0 99] 0 
229 706 0} Oo} 5 701} 0 
230) Tonti, Marion............. 1939 380 0} 4,780,000 1,261,000 0 0 55 6} 0} 1 54| 0 
231 x 0 x x 0 0 5 1), oF 0 5| 0 
232 F 0 z z 0 0 15 5} 0} 0 15| 0 
233 x 0 zr z 0 0 29 0; oO} 1 28] 0 
234 x 0 1,250,000 572,000 0 0 6 0} Oo} 0 6} 0 
235) Fairman, Marion, Clinton... |1939 490 0 536,000 305,000 0 0 25 9} O}| 0 24) 0 
236) Raymond, Montgomery... .. 1940 30 0 2,400 1,900 0 0 3 1] 0} 0 2| 0 
237| Waggoner, Montgomery..... 1940 40 0 3,000 2; 0 0 4 0; oO; 0 4| 0 
238) Bonpas, Richland.......... 1941 20 0 19,000 19,000 0 0 1 1; 0} 0 1/0 
239| Bonpas West, Richland..... 1941 80 0 47,000 47,000 0 0 ‘4 7; O| 0 6} 0 
240 10 0 x x 0 0 1 1}, oO) 8 1| 0 
241 10 0 x c 0 0 1 1; 0} 0 1, 0 
242 60 0 = x 0 0 5 5} Oh 1 4) 0 
243} Dundas Consolidated, Rich- |1939 4,630 0} 7,089,000) 4,377,000 0 0 240} 115) 3] 0} 237) 0 
land, Jasper 
244 10 0 x z 0 0 1 1; Oo} 0 1,0 
245 1 0 z x 0 0 1 1] Oo] 0 1} 0 
246 4,630 0 x z 0 0 236} 112) 3] 0 233] 0 
247 0 x x 0 0 2 2} 0}; 0 2) 0 
248) Noble, Richland............ 1937 3,740 0} 10,147,000 576,000 0 0 264 a 231) 0 
249 x 0 x # 0 0 89 17; 1] 0 88] 0 
250 x 0 x x 0 0 175 LW 4h eG 143) 0 
251] Olney, Richland............ 1937 520 0} 1,095,000 133,000 0 0 37 ol ¢ 34! 0 
252] Schnell, Richland........... 1938 40 0 163,000 13,000 0 0 4 0} Oo} 0 410 
253] Stringtown, Richland....... 1941 20 0 15,000 15,000 0 0 3 3} 0} 0 3} 0 
254 Pusesbur, Richland, Ed- \1941 330 0 743,000 743,000 0 0 24, 24) O}| 0 24! 0 
wards 
255| Eldorado, Saline........... 1941 20 0 1,000: 1,000 0 0 2 2} 0} 0 2) 0 
256 Lakewood, Shelby.......... 1941 20 0 8,000 8,000 0 0 2 2| O| 0 2| 0 
257 10 0 F z 0 0 1 Lie 0)! 10 1| 0 
258 10 0 F 3 2 0 0 i 1} 0} 0 1| 0 
259} Stewardson, Shelby......... 1939 30 0 22,000 11,000 0 0 3 0; 0} 0 3| 0 
260) East Keensburg, Wabash... .|1939 20 0 x x 0 0 2 0; oO; 0 2) 0 
261 apy Consolidated, 1939 2,230 0} 6,062,000} — 2,273,000 0 0 302 45] 7) 1 294] 0 
abas 
262 o 0 = z 0 0 16 tl} 0) 2 15} 0 


Biehl 


1,719] 1,733]14 
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TABLE 1.—(Continued) 
iol a 
uction at Deepest Zone 
Methods, yee Producing Formation Tested to End 
End of of 1941 
1941 
Number Depth, 
of Wells Avg. Ft. 
a) 
=] 
a 
é Name Name 
 |8y 
g 3| 2 {zs a |g 
q |At-s als 
| ” 2 "a I< a . < Ads a5 EF 
z\2| 3 23) 3 [es Sls S/E/E |a= ee] 3 3m 
o|F| Se oS] & SE Sle £ |e i|eeisgeul s As 
silo| ss | a |sor|2 Z| q Qaoi/Henl|er S Qo 
3\—| <4 an) Selb Sia les aia *| & am 
0 A | Dev 33133 
0 245 Bridgeport 8 760) 793/15 
0 280 Buchanan 8 1,108] 1,119}11 
0 x 40.1 | Bethel s 1,765} 1,773) 8 A | MisL 1,962 
0 Z 31.7 |z Buchanan § 1,369} 1,3897)11 D | Pen 1,405 
0 x 20.3 |x Pennsylvanian 8 443) 462/10 D | Pen 462 
0 x 37.1 |z Bethel, Rosiclare 8 1,931} 2,110)21 A | Dev 3,692 
0 113 A | Dev 2,956 
0 110 39.5 |x Bethel 8 1,424/1,449|25 
0 40.9 |0.31| Rosiclare S 1,562) 1,572)10 a | Mist ae 
0 56 ! is 5 
0 51 36.1 |0.23] Cypress 5 1,340) 1,360|20 
0 5 PM 36.1 |0.23| Bethel § 1,466] 1,478)12 one pate 
22| 2,336 St. Peter : 
0) 439) = 38.5 |0.20} Bethel i) 1,797] 1,838]40 
0} 149) 2 38.6 |0.21) Aux Vases 8 1,813} 1,865|28 
ES EM a eSB 
0 x 0 |x alem , , 
1 438] 2x 42.1 |0.28| Devonian L 3,350) 3,444/60 
20 79| x 42.0 |x | Trenton L 4,500) 4,625|50 
1| 700 33 
0 54 Dev 3,547 
0 x x 39.0 |x Bethel $ 1,928] 1,948/20 
0 15) 2 a 39.0 |x Aux Vases 8 2,003) 2,038|30 
0 Bia x 39.4 |0.21] McClosky L 2,134] 2,149)15 
0 x fy 41.0 |x Devonian L 3,490) 3,505) 15 in i 
0 24) 100 38.2 |0.21] Bethel iS) 1,462) 1,479] 8 D Trenton”’ | 4,100 
0 2) <a 2 33.5 |x Pennsylvanian S 580} 598)18 D | Pen 598 
0 4) 2 x 34.1 |x Pennsylvanian 8 611} 625/14 D_ | Dev 1,784 
0 i ee J 100 37.8 |x McClosky L 3,120} 3,200} 8 2 a noe 
0 6 is i 
I 1 Oe) x i¢ Bethel 8 2,980) 2,970)10 
0 1] z |x | Levias is 3,070| 3,080|10 
0 4! & 38.1 |x McClosky L 3,180) 3,170) 6 2 ADe Ape 
11} 226 e 5 
0 hil ee x 37.0 |x Cypress S 2,570} 2,590)23 
0 qe x 38.0 |x Aux Vases S 2,705|'2,738)10 
il 222| = E: 38.4 10 McClosky L 2,869] 2,920)13 
0 2 33 ; 
A | MisL 3,201 
231 , 
ees Cel eee Blea lasa anes 
9.0 |z cClos ’ ’ 7 
i a 37.2 |0.19| McClosky L 3,052] 3,073} 9 A MisL 3,222 
0 x 37.0 |0.19] McClosky L 3,012] 3,068} 6 | D | Mish 3,120 
0 Z 40.0 |x McClosky L 3,025] 3,040) 8 D | MisL 3,040 
5 1 x 39.5 |x McClosky L 3,120] 3,130)12 A | MisL 3,130 
0 x cenit McClosky L 2,943) 2,950] 5 “ ee een 
0 ’ 
x 29.6 |x | Bethel Sy) 1,692} 1,700] 8 
: x 32.0 |@ Aux Vases $ 1,723] 1,735} 9 ; 
apace cREUAMURSIe | B [Mer [ua 
2, E 1s. i 
L 2 37.6 10.26] McClosky renin? 3058 
0 
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TABLE 1.—(Continued) 
Total Gas ’ : 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells t 
Cu. Ft. : 
During End of ; 
1941 - 1941 
Year fi 
A of 
Field, County Dis- g - 
covery na : 
C » | To End of | During Fee 
Ui 71 Cae 1941 1941 3 . : 
wm nS! 2a 
he = y \ 
2 E le S nae 
E e kh z s|é| € | 
ctx to 2s <= is} q 
2 EES EG ais/a| 3 ls 
g ae |52| 2S | 2 /ale| = 
iS BF lan|o" | ojala) & ja 
263 z} 0 z Ped tad 2} of of of = 2 Oo 
264 z 0 2 or 0 0 4 0} O| O 4} 0 1 
265 z 0 2 = 0 0 it 6} 0] 0 7| 0 
266 2} 0 z z} o | o | 238] 18} 7] 0| 231)05 
267 z 0 x z}/ Oo | 0 6} «64! O} CO 6} 0 
268 x 0 = x 0 0 2 2} Oo} 0 2) 0 
269 x 0 x = 0 0 19 6} oO] (0 19} 0 : 
270 8 8} 0} 0 8} 07 
271! Maud, Wabash. ........... 1940 250 0} 248,000] 205,000) 0 | 0 20} 11) 2} 1) 17) OM 
272 £ 0 x F 0 0 2 2} 0} 0 2| 0 
273 z 0 z z 0 0 1 0} 0} 0 1; 0 
274 z 0 r x 0 0 1 1} 0] 0 1,08 
275 x 0 z z 0 0 15 Te Qe 12) 0 @ 
276 : : : ; 187 0 
277) Mt. mel, Wabash....... 1940 1,140 0 1,720,000 1,695,000 0 0 189} 185 0 
973) Mt Car A 2 (O z 2} o.| 0 29) 29] 2| o| 27] 0 
279 x 0 z z 0 0 1 1}. 01756 1; 0 
280 z 0 x z 0 0 1 1} 0} 0 1; 0 
281 z 0 z z 0 0 122} 119] 0] 0] 122) 0 
282 x 0 z =z 0 0 1 1; Oo} 0 1|0 
283 z 0 z z 0 0 2 1} 0} 0 2) 0 
284 2 0 z z 0 0 23 23) 0] 0 23) 0 
285 10 10} 0} 0 10| 0 
286] Mt. Carmel West, Wabash. .|1939 20 0 x x 0 0 2 0; Oo] 0 1; 0 
287| Patton, Wabash............ 194028 40 0 2,000 2,000 0 0 4 1) 0} 0 4) 0 
288 30 0 F | z 0 0 3 0; O| 0 3) 0 
289 10 0 2,000 2,000 0 0 1 1] O| 0 1/0 
290] Lancaster, Wabash, Lawrence |1940 320 0 440,000 99,000 0 0 28 oO} 4) 1 22] 0 
291) Cordes, Washington........ 1939 1,430 0 1,724,000 540,000 0 0 128 0} 0} 0 127] 0 
292] Dubois, Washington........ 1939 120 0 57,000 36,000 0 0 9 5} 0} 0 9} 0 
293) Irvington, Washington...... 1940 700 0 1,854,000 1,044,000 0 0 74 35} 0} O 74| 0 
294 x z 0 0 66; 33) 0} 0 66) 0 
295 x 217,000 0 0 7 1} O| 0 7| 0 
296 1 1] Oo] 0 1/0 
297| McKinley, Washington..... 1940 60 0 91,000 87,000 0 0 6 5} 0] 0 6] 0 
298 50 0 2 s 0 0 5 4; 0; 0 5| 0 
299 10 0 x z 0 0 1 1] 0} 0 1,0 
300] Barnhill, Wayne............ 1939 870 0} 1,460,000 230,000 0 0 64 2 tied 62| 0 
301 x 0 x F 0 0 61 1} 1] 0 59} 0 
302 E 0 z x 0 0 1 0} Oo} 0 1| 0 
803 2 0) O| 0 2) 0 
304] Boyleston, Wayne.......... 1938 1,590 0) 2,351,000 824,000 0 0 100 17} 0} 0 100} 0 
305 10 0 z 2 0 0 1 0} Oo} 0 1| 0 
306 1,590 0 z x 0 0 98 17; 0] 0 98} 0 
807 1 0} 0}; 0 1/0 
308} Cisne, Wayne.............. 19387 960 0| 2,462,000 222,000 0 0 47 0} 2) 0 45) 0 
309 x 0 2 x 0 0 2 0} Oo] 0 2) 0 
310 z} 0 x Bic’ § 0, 41'a0 11 0] o| o ch 
311 x 0 Fd x 0 0 44 Oo} 2) 0 42) 0 
312] Geff, Wayne.............5. 1941 10 0 4,000 4,000 0 0 ul 1) 0} 0 1) 0 
313| Goldengate, Wayne.......... 1939 60) 0 a at 0°} fo a) 
314 2 0 z 2 0 0 1 1] Oo} 0 1| 0 
315 x 0 x 0 0 1 1; oO} O 1/0 
316 x 0 2 0 0 4 1 (0) 0 2) 0 
317| Johnsonville, Wayne........ 1941 3,780 0} 5,532,000 0 0 217; 217) O} 0} 217) 0 
318 2 0 x 0 0 19 19} 0} 0 19) 0 
319 F 0 x 0 0 196] 196] 0} 0] 196) 0 
320 2 2) 01 30 2) 0 


28 Biehl sand production since 1936, formerly included in the Allendale pool. 
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TABLE 1.—(Continued) 


ae ati! 2 a 
ressure, Character i oe eepest Zone 
eae Lb. per of Oil Producing Formation Tested to End 
1941 Sa. In. of 1941 
Number 
of Wells pee 
3 
8 
Ss 
& ay Name Name 
Lae 
g 3] ¥ le alg 
5 os = 5 <5 2] 4 leat lic <3 S oe 4 nas 
zl2|d_| a |22| beers i {BIE jer lee) § a 
cc) d= ret z he © g f=) = <7 
S/5| Bs | S | pel slag es ra) 6| elas (ISS ie eh ZB Wc} 
Bie | 24 | 8 |<" | 8 joa 2 | 6/8 \é8|a*l24| & a 
263) 0 2) @ w a ie Clore MisU| S | Por} 1,811] 1,823] 9 
264) 0 4) z g \|z Palestine MisU| S$ _ | Por} 1,830) 1,846)16 
265) 0 7| « z oie Tar Springs MisU | 8 | Por | 2,060 2,075)15 
266) 0| 231) = x 38.6 |0.29| Cypress MisU| S_ | Por| 2,444) 2,462/18 
267) 0 (oy ee z 36.6 |z | Bethel MisU| S_ | Por| 2,570] 2,588/18 
268! 0 2) oe z ge ie Aux Vases MisU| S_ | Por | 2,760} 2,790)30 
269| 0| 19| = x 37.9 |0.38| McClosky MisL | L | Por | 2°790| 2,797| 7 
270) 0 8 33 
271) 0) 17 D | MisL 2,658 
272) 0 2| 2 x Le WES Waltersburg MisU| S$ | Por} 1,935} 1,956/21 
273) 0 i ae ce ANG Bethel MisU| S_ | Por| 2,120) 2,132)12 
274! 0 i 2 x zie Rosiclare MisL |- S_ | Por] 2,639] 2,650) 9 
275) 0 12| = x 38.0 |0.30) McClosky MisL | L_ | Por] 2,650) 2,658) 8 
276) 0 1 33 
277) 0 187 A | MisL 2,411 
278) 0 21) x 2 \¢ Biehl Pen S| Por | 1,450} 1,464/14 
279) 0 1) z EA ZAG Palestine MisU} § | Por} 1,540] 1,550)10 
280) 0 dh z £ fis selfs, Tar Springs MisU} S$ _ | Por} 1,790) 1,794 4 
zo! 0} 122) @& x 38.4 |x Cypress MisU| § | Por] 2,033] 2,048}15 
282) 0 i x z ele Bethel MisU| S | Por| 2,100} 2,115}15 
283) 0 ah. Fi 36.6 |0.36] Rosiclare MisL | § | Por] 2,360} 2,364) 4 
oe 0 23) x 38.4 |0.42| McClosky MisL | L_ | Por| 2,370} 2,380}10 
0 10 
au 0 thes x Bae Ne Tar Springs MisU} S$ _ | Por| 1,940} 1,955}15 : ey pete 
2 0 4 is P 
288) 0 3| 2 £ fie res Biehl Pen S| Por | 1,470) 1,485}15 
289] 0 sae x eee Vee McClosky MisL | L_ | Por] 2,309} 2,313) 4 : 
290) 0 22) = Ei 39.8 |0.28] McClosky MisL | L | Por| 2,683] 2,700) 9 A | MisL 2,700 
291} 0 127) « x 37.4 |0.19| Bethel MisU| S| Por| 1,259} 1,285}17 A | MisL 1,550 
292) 0 9] « 100 38.0 |0.26] Bethel MisU| S| Por| 1,359] 1,370/11 D_ | Dev 3,537 
293) 0 74 A | Dev 3,150 
294! 0 66| 2 £ 37.6 |0.16] Bethel MisU| S | Por| 1,537) 1,550)10 
295; 0 ale z 39.0 |x Devonian Dev L_ | Por| 3,092} 3,150) 5 
296) 0 1 33 
2971 0 6 7 D | Dev 2,567 
298] 0 Dit x ae z Bethel iy . vor Be pote uf 
z 41.7 |x Devonian ev ‘or | 2, 272 
300 62 : A | MisL 3,855 
301; 0 59} 2x £ 37.6 |0.17| McClosky MisL | L_ | Por| 3,385] 3,411/11 
302] 0 Ll zt eels Salem MisL | L_ | Por} 3,792) 3,855) y 
Bos) Oi 2 33 aor 
304) 0} 100 ; A | MisL \ 3,384 
305} 0 ieee z come Rosiclare MisL | §_ | Por| 3,273) 3,277| 4 
306) 0 98) « z 40.2 |0.14| McClosky MisL | L | Por} 3,250) 3,277|14 
33 
BOs 8 “B - A |St. Peter | 7,207 
309} 0 Be & 38.5 |x Aux Vases MisU| S| Por | 2,982] 3,029)13 
a dle] 3 | gemodteay MEE] 2 SIRs 
1 42) 2 x 35.8 |0. eClos is. or | 3, ; : 
312 . Li ar 29.4 Ja McClosky MisL | L | Por| 3,135) 3,180) 3 > Mish ay 
1 4 ev A 
aud 0 AWS ae £ gz {2 | Aux Vases MisU| 8 | Por| 3,238) 3,850) 12 
315) 0 Dl x z |x | Rosiclare MisL | §_ | Por/3,318) 3,345) 5 
316] 0 ON z 34.4 |0.18] McClosky MisL | L | Por] 3,377) 3,399] 7 nia rte 
317| 0| 217 A | Mis ; 
318) 0 19) 2 600 39.4 |x Aux Vases MisU| S | Por 2,980} 3,040) 12 
319} 0 196} x | 1,100 39.4 |0.16] McClosky MisL | L_ | Por| 3,070} 3,150)15 
320} 0 2 | a 


286 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1941 
TABLE 1.—(Continued) 
Total Gas ; 
Area Proved, |’ Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1941 1941 
Year 
Field, County of 
' Dis- E 
covery a 
" »| To End of | During 
a Sa Ma 1941 3 ; 
; £3 =| 5 |é 
a ES Bie] w le 
Zz 25 |2lec|alslal 3 is 
g oe |sa| Be] £ | 8/8] 2 
| a? ja} 5") 5 [Sale eae 
321] Leech Township, Wayne. .. .|1938 240 0 302,000 70,000 0 0 14 0} 0} 0 14 
322! Mt. Erie, Wayne........... 1938 10 0 11,000 1,000 0 0 1 0} oO] 0 1 
323) Mayberry, Wayne.......... 1941 20 0 6,0 6,000 0 0 2 2} 0] 0 2 
324! North Aden, Wayne........ 1938 1,100 0| 2,486,000 551,000 0 0 65 0} Oo; 0 61 
325] Rinard, Wayne............. 193729 10 0 5, 0 0 0 1 0} Oo} 0 0 
326] South Mt. Erie, Wayne..... 193930 10 0 7,000 0 0 0 1 0} o| 0 0 
327! Sims, Wayne............++ 1941 50 0 41,000 41,000 0 0 4 4) 0] 0 4 
328 x 0 2 z 2 2} o| 0 2 
329 x 0 x z 2 2) 0] 0 2 
330] Aden, Wayne, Hamilton..... 1938 370 0 389,000 145,000 0 0 9 1} Oo} 0 9 
331] Burnt Prairie, White........ 1940 270 0 254,000 108,000 0 0 20 2} 0] 0 20 
332 x 0 z 2 0 0 2 0} Oo; 0 2 
333 x 0 x z 0 0 18 2} 0] 0 18 
334] Calvin West, White........ 1939 10 0 z z 0 0 i 0; 0}; 0 1 
335| Carmi, White.............. 1940 10 0 2,000 1,500 0 0 1 0} 0} 0 | 
336) Centerville, White.......... 1940 60 0 115,000 66,000 0 0 5 2} 0} 0 5 
337| Centerville East, White... .. 1941 70 0 000 18,000 0 0 6 6} 0} O 6 
338 x 0 zx xz 0 0 4 4; 0} 0 4 
339 x 0 F z 0 0 j 1} 0} 0 1 
340 £ 0 z z 0 0 1 1} 0} 0 1 
341) Epworth, White............ 1941 40 0 14,000 14,000 0 0 4 4; oO] 0 4 
342 10 0 F x 0 0 1 1} 0} 0 1 
343 20 0 x z 0 0 2 2} 0; 0 2 
344 10 0 = x 0 0 a 1} 0} 0 1 
345) Grayville West, White...... 1941 30 0 9,000 9,000 0 0 3 3} 0] 0 3 
346 10 0 x x 0 0 1 1] 0} 0 1 
347 20 0 zr z 0 0 2 2) 0] 0 2 
348] Herald, White............. 1940 70 0 23,000 19,000 0 0 5 2} 0} 0 5 
349 x 0 + x 0 0 2 ne 2 
350 x 0 2 x 0 0 3 2} O| 0 3 
BSL | Tron; Whe oe ccc sacs ers 1940 760 0 1,918,000 807,000 0 0 63 17} 0] 0 63 
352 * 0 x z 0 0 5 41 0} 0 5 
353 x 0 z zr 0 0 33 6] 0} O 33 
354 x 0 x z 0 0 2 1} 0} O 2 
355 x 0 x x 0 0 20 3] 0} 0 20 
356 3 3} 0} 0 3 
357| Maunie, White............. 1941 20 0 4,000 4,000 0 0 2 2} Oo] 0 2 
358} Maunie North, White....... 1941 30 0 6,000 6,000 0 0 3 3} 0] 0 3 
359 10 0 x x 0 0 1 Lp OD 1 
360 20 0 x 7 0 0 2 2} O| 0 2) 
361] Maunie South, White....... 1941 480 0 374,000 374,000 0 0 52) 52) 0} 0 52 
362 x 0 z x 0 0 4 4; 0} 0 4 
363 2 0 2 z 0 0 30| 30) 0} 0 30 
364 2 0 x z 0 0 1 1] 0} O 1 
365 eh aa =e Oma 8} si o| 0 8 
366 x 0 x x 0 0 1 1; 0} 0 1 
367 x 0 2% z 0 0 5 5} 0] 0 5 
368 x 0 2 x 0 0 1 1) Ole 0) 1 
369 3). Si: Gry Smee 
370) New Harmony Consolidated,}1939 5,008 0} 11,706,000} 10,180,000 0 0 648) 445) 1] 0} 647 
ite B 
371 zl ae z z} 0 | 0 1} 1) of 0 1 
372 x 0 r x 0 0 16 2) 0} 0 16 
373 x 0 z x 0 0 22) 13) 0] 0 22 
374 z 0 x 2) SOOO 80} 50) oO} o| 80 
375 z 0 r x 0 0 11 5| 0] 0 11 


29 Abandoned 1939. 


30 Abandoned 1941. 
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TABLE 1.—(Continued) 


Oil-pro- R 2 
duction Pree : 
Methods, ressure, Character Producing F ‘ Deepest Zone 
Endo Lb. per of Oil roducing Formation Tested to End 
1941 | Sa-In. of 1941 
Number 
« Depth, 
of Wells Ave. Ft. 
s 
s 
3 
ey sy Name Name 
oO .2 a 
he = Lames | n 
3 bs 2 Ay. 4/3 
Bl ola =) 5 |< 2) 8 slele | aes! 7 
Z\2iS | ~ [at] 2 Begs S|E\2 |g |2e| 2 “Se 
o|/ FE) Se 3S -o| 2 ER Slay a S |e |e) od |e & hetbes 
s|lo| 363 = wae} AladS Flas eI ° 2/33 0 22 
Sieber | 6 jae a oe =| 8/8 |E8|g\24) 2 Bi 
—~ mM (=) 
321| 0 14| « x 39.0 |0.19) MeClosk MisL | L 1 i 
322| 0 1] 2 z 39.8 |0.18] MeClosky Misti i, Por 3080 3008 Pr D ML ise 
823) O| | 2 z 38.0 |z | McClosky MisL | L-} Por |3,340/3,380| 7 | D MisL 3,380 
ey a z cz 39.0 |0.17) McClosky MisL | L | Por| 3,321) 3,341/12 A | Dev 5,393 
. = z 38.5 |z | McClosky MisL | L | Por/3,144| 3,154) 5 D | MisL 3,154 
as i : < x ee McClosky MisL | L_ | Por| 3,129) 3,206)11 D | MisL 3.206 
328) 0 2) z |)1,100 38.9 |x | Aux Vases MisU | S$ | Por] 3,030} 3,043)15 Pele a ea0 
329] 0 2| 2 x 39.1 |x McClosky MisL | L_ | Por} 3,170} 3,220] 8 
a4 : on x x 40.0 |x McClosky MisL | L_ | Por| 3,287] 3,337} 7 MisL 3,460 
332; 0| 2| = Fs 2 |x _ | Rosiclare mist | |Por|3.s0l 3404 9 | > | MM rd 
333) 0 18} « 2 37.0 |0.28| McClosky MisL | L_ | Por| 8,425} 3,436)11 
334) ofl) 2 z z |x | McClosky MisL | L | Por|3,191/3,201]) y | D | MisL 3,201 
35) 0 Le z By Ae McClosky MisL | L_ | Por| 3,148} 3,167) 4 D | MisL 3167 
ae 9 5 z z 38.0 |x | McClosky MisL | L | Por} 3,355|3,373| 4 | D | MisL 3373 
D | MisL 
338] o|  4| x z |z | Tar Springs Mist | § | Por | 2,530) 2,545]15 a iN 
339] 0 La x NG Cypress MisU| S | Por| 2,915) 2,925)10 
a . x z 40.0 |x McClosky MisL | L_ | Por| 3,264) 3,276)12 
342 0| | 2 E 2 |x | Degonia with a lrorl good eaesen kc. bei 
343) 0 2) 2 x 36.2 |a Clore MisU| S| Por| 2,072) 2,109/18 
48 2 i & x Ey ui Palestine MisU| S_ | Por| 2,099] 2,188)14 
D | MisL 2 
346 0| 1) = z| | 37.0|¢ | Cypress MisU | § | Por | 2,870| 2,890|20 rs ee 
, ae 4 F x x e |e McClosky MisL | L | Por| 3,172) 3,273) 8 
; A | MisL 6 
349 0| 2| 28.0 \2 |Pennsylvanian |Pen | 8 | Por| 1,565) 1,571| 6 + ae 
oe p A x x 35.0 |x Tar Springs MisU| S_ | Por | 2,259] 2,276)18 
A | MisL 
352] o| 5] 2 36.0 |x _| Tar Springs MisU| §_ | Por| 2,425] 2,440] 6 5 eee 
353) 0 Sa x 2 38.4 |0.30] Hardinsburg MisU| S_ | Por] 2,537} 2,556)/18 
354] 0 2| 2 z e |e Cypress MisU| S_ | Por| 2,708) 2,753|24 
eS a a or oy 39.0 |0.20 MeClosky MisL | L_ | Por| 3,061) 3,142/10 
oa , x x 38.0 |x Palestine MisU| S_ | Por| 2,012) 2,018) 6 D | MisL 3,049 
D | MisL 3,092 
359) 0 1) 2 x 36.5 |x Bethel MisU | S_ | Por| 2,826] 2,847|21 . ; 
. ai y Fe c fe fa x McClosky MisL | L_ | Por/| 3,075) 3,092) 6 i 
: MisL 2,87. 
362; 0| 4 2 | 50 37.0 le |Pennsylvanian | Pen | $ | Por| 1,455) 1,480|25 oe ah 
363) 0 30| zx 150 38.0 |x Palestine MisU| S_ | Por} 2,020} 2,038)18 
364) 0 i) ey a a3 Waltersburg MisU |- S| Por|:2,208] 2,217) 9 
365) 0 8) =z 175 38.0 |x Tar Springs MisU| §_ | Por| 2,254) 2,268/14 
366} 0 5 Nae 200 38.0 |x Cypress MisU| S| Por| 2,561) 2,569) 8 
 367| 0 5) & 250 39.0 |z Aux Vases MisU| S_ | Por| 2,844] 2,866)22 
368) 0 x & a Ie McClosky MisL | L_ | Por| 2,871) 2,873] 2 
369} 0 
370) 3) 644 A | MisL 3,107 
a 
371) 0 is z ce le Biehl Pen S| Por | 1,830} 1,870/40 
372| 0] 16} «x 2 37.6 |0.40| Waltersburg MisU| §_ | Por] 2,156} 2,197/20 
373] 0 22\ x a 38.0 |x Tar Springs MisU| §_ | Por] 2,225) 2,296}15 
374| 0] 80) =x a 39.0 |x Cypress MisU| S| Por| 2,561] 2,605/25 
375] 0} Whos. & 38.0 |x Paint Creek Stray | MisU| S| Por | 2,659) 2,679)20 
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TABLE 1.—(Continued) 


Snir inns 


OIL AND GAS DEVELOPMENT IN ILLINOIS IN I94I1 


[lead 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells ‘ 
Cu. Ft. 
/ During End of 
1941 1941 
Year 
Field, County 2. : 
covery A 
F » | To End of During 
oe bans REET 1941 3 
=| 8 
me om 3 
aa 
i =f |E2/ 2/83] 2 
Zz gs |folec|e/3l8| 3 
g os |BS| Ba] 2 ISlEl & 
3 Be ae sO Oo /a\e| & ja 
376 z 0 z z 0 0 117 81} 1) 0 116| 0 
377 z 0 z x 0 0 145} 131) 0} 0 145 
378 x 0 z z 0 0 2 1} 0] 0 2 
379 x 0 z z 0 0 93} 43! Oo] 0 93 
380 161; 118} 0] 0 161 
381] New Harmony South, White. |1941 60 0 24,000 24,000 0 0 4 4) 0] 0 4 
382 z 0 z 2 0 0 1 1} 0} 0 1 
383 z 0 F 3 z 0 0 1 1] o| 0 1 
384 z 0 z z 0 0 1 1; 0} 0 1 
385 z 0 z z 0 0 1 1; oO} 0 1 
386] New Haven, White......... 1941 150 0 172,000 172,000 0 0 19} 19) oO] 0 19 
387 z 0 = z 0 0 4 4; 0} 0 4 
388 z 0 z z 0 0 1 1} Oo} 0 1 
389 z 0 a z 0 0 6 6} 0] 0 6 
890 z 0 z z 0 0 3 Bien) 3 
391 x 0 E z 0 0 1 1} oO} 0 1 
392 4 4; 0] 0 4 
393] Phillipstown‘ White........ 1939 150 0 125,000 64,000 0 0 ll 5} 0} 0 ll 
394 z 0 z z 0 0 1 1] 0} 0 1 
395 2 0 z z 0 0 1 1; 0} 0 1 
396 x 0 z 2 0 0 2 0} oOo} 0 2 
397 2 0 ze = 0 0 3 3} 0} 0 3 
398 z 0 z z 0 0 4 0} o| 0 4 
399) Roland, White............. 1940 800 0 1,096,000 1,093,000 0 0 92 91} O| 4 88 
400 x 0 x z 0 0 43) 43) 0} 0 43 
401 z 0 4 z 0 0 3 2} oO] 1 2 
402 x 0 z z 0 0 4 4; 0] 0 4 
403 z 0 z z 0 0 7 7} 0} 0 7 
404 z 0 z = 0 0 ll 11} 0} 3 8 
405 24, 24) 0] 0 24 
406] Stokes, White.............. 1939 280 0 256,000 89,000 0 0 16 5} 1) 1 14 
407 L 0 x x 0 0 3 3} oO] 1 2 
408 r 0 z x 0 0 1 1} 0} 0 1 
409 r 0 x z 0 0 12 Ry. hi 70 ll 
410] Storms, White............. 1939 1,470 0| 2,947,000} 1,399,000 0 0 155) 25) O} 4) 151 
411 x 0 z x 0 0 151) 21} 0} 4} 147 
412 x 0 x z 0 0 1 1] Oo] 0 1 
413 x 0 2 x 0 0 3 3] 0} 0 3 
414} Mill Shoals, White, Hamilton |1939 850 0} — 1,658,000 947,000, 0 0 93) 43) 0} O 93 
415 x 0 x x 0 0 73} 40) 0} 0 73) 
416 z 0 z x 0 0 17 3} 0} 0 17 
417 j 3 0} Oo} 0 3} 0 
418 bide ap! uid tees 97,483} 1,630} 385,526,000) 128,994,000) 2,818. 5/863.0/ 10,899] 2,819]158] 67] 10,496/48 
after Jan. 1, 3 
419] Total for Illinois®? ......... 196,083} 17,460} 833,059,000) 134,139,000] 5,206. 5/876. 4| 31,615] 2,925|414|376] 23,427|55 


31 Total of lines 96 to 417 inclusive. 


Derr TESTS DURING 1941 (TABLE 6) 


The St. Peter sandstone was tested in 
the Salem, Louden and Bartelso fields but 
was not found productive. There was slight 
saturation in the “Trenton,” the top of 
which was encountered at a depth of 


82 Total of lines 95 and 418. 


3824 ft. in the Carter Oil Company’s 
J. Brauer 6-D well, Louden field, but it was 
not commercial. 

The Devonian limestone was tested in 
the Clay City Consolidated field by the 
Pure Oil Company’s Moseley 3-B well but 
it was not productive. 
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TABLE 1.—(Continued) 


FT Sn a ee eee ee eee 


Oil-pro- 


DEVELOPMENT 


Most of the new discoveries and develop- 
ment during 1941 took place in White, 
Hamilton, Wayne, and Wabash Counties, 
in the southeastern part of the state. In 
White County alone, 839 wells were com- 


auction Reservoir 
Pressure, Character : Deepest Zone 
ee eae of Oil Producing Formation Tested to End 
1941 Sq. In. of 1941 
Number 
of Wells fee 
se 
§ 
s = 
8 les Name Name 
(oy | ee 
a = Ho oo 
3 S| 2 [Ae 2 E 
5 "a < 3 <E o| .s ie = 5 < : < y 
2\#|3 as| 3 |B c8lss Si/BIE | ge lee 8 ‘3m 
ofE|Se-| S| gu] & EB sla. ey S|‘@/Seleclby| € As 
SlS| ES) 2 FS] & eskige 2 | §|zE/eas|BElsb 2 55 
mje) | 8 (P| a loose 2/(/S falas |a" la) a an 
376) 0 116) +z x 38.0 |x Bethel MisU} S| Por| 2,684] 2,751/25 
877) 2) 1438) x 39.0 |x Aux Vases MisU} S_ | Por| 2,820} 2,840|20 
378| 0 2) 2 z go Ag Rosiclare MisL |} S$ | Por| 2,906} 2,920}15 
379} 1 92| x x 39.2 |0.20) McClosky MisL | L_ | Por| 2,892} 2,919] 8 
oF 0} 161 33 
0 4 A | MisL 3,0 
382] 0 1| « z z |x | Waltersburg MisU| $ | Por| 2,262} 2,282|20 De 
383} 0 t} x. x 2 ie Tar Springs MisU| S| Por] 2,355] 2,373|16 
384) 0 1} z x 2 Ie Bethel MisU| S_ | Por| 2,820} 2,830|10 
385] 0 dh aa ao 38.0 |x McClosky MisL | L_ | Por} 3,011/ 3,020] 8 
386) 0 19 : ; A | MisL 2,850 
387| 0 4| z x 38.0 |x Tar Springs MisU| S_ | Por| 2,115) 2,125/10 
388) 0 I) z x 38.0 |x Hardinsburg MisU| S_ | Por| 2,246] 2,251] 5 
389} 0 6) =z £ 38.0 |x Cypress MisU} S | Por| 2,436] 2,448/12 
390) 0 3) 2 z 39.0 |x Aux Vases MisU|] S | Por| 2,717) 2,732)15 
391) 0 Lh =< x 38.0 |x McClosky MisL | L_ | Por| 2,845] 2,850] 5 
392) 0 4 33 
393] 0] 11 ; A | Dev 5,349 
394] 0 1] « x at \e Degonia MisU | §S | Por| 1,997] 2,007|10 
395| 0 1) z z o |% Tar Springs MisU | S | Por| 2,293} 2,320/27 
396) 0 De z 3904 |x Aux Vases MisU| S_ | Por| 2,942] 2,964| 8 
397) 0 3] =z # z.. | Rosiclare MisL | S| Por| 2,955} 2,967/10 
398) 0 A) a 2 38.2 |0.21] McClosky MisL | L | Por| 2,994) 3,004/10 
399| 3] 85 A | Dev 5,225 
400) 0 43) x 600 32.0 |a Waltersburg MisU | S | Por} 2,159} 2,174)15 
401} 0 2) a x 32.0 |x Tar Springs MisU| S_ | Por| 2,231| 2,243}12 
402) 0 4) @ x oe Ne. Cypress MisU| S_ | Por| 2,551) 2,568]17 
403) 0 wh @ e 39.0 |x Bethel MisU| S_ | Por} 2,724) 2,741/17 
404, 0 8| « 800 pp ke Aux Vases MisU| S| Por| 2,880) 2,898/18 
405) 3 21 38 
406} 0 14 A | MisL 3,150 
407| 0 FA ea z Cee 3 Paint Creek Stray | MisU} S | Por} 2,760} 2,805/27 
408) 0 1] « a Sate Bethel MisU| S| Por| 2,813] 2,827] 8 
409) 0 DL a ¢ 35.8 |0.26| McClosky MisL | L_ | Por} 3,077} 3,124/12 
410] 1] 150 PM A | MisL 3,082 
400) dt 146] « 125 32.1 |0.28) Waltersburg MisU| S_ | Por} 2,234] 2,285/18 
412) 0 iy ex © cele Cypress MisU| S_ | Por| 2,656} 2,685)10 
413} 0 Si te x ee Paint Creek Stray | MisU| S_ | Por} 2,807} 2,832)14 
414] 0 93 * A | MisL 3,316 
415} 0 fal) & 2 39.8 |0.14] Aux Vases MisU| S | Por| 3,221) 3,241/20 
416} 0 i ie) oe 38.0 |0.16] McClosky MisL | L_ | Por| 3,816) 3,391)14 f 
417) 0 3 ES 
418]372| 10,124 
419)372| 23,055 


pleted, of which 728 were producing wells 
(Table 7). Field development during the 
year was principally in the Johnsonville, 
Rural Hill, and Benton fields, as men- 
tioned; in the New Harmony Consolidated 
field, White County, and the Woodlawn 
field, Jefferson County. 
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TABLE 4.—Completions and Production of 
Oil in Illinois Since Jan. 1, 1936 


Production, 
nto eee Thousands of Barrels 
Year Com- | Pro- 
ple- | one | New | td 
i ing c 
tions | Wells | Fields« |Fields«.2| Total 
1926. he topm 92 52 4,445 
1937.--+-+-| 449] 292 2,884) 4,542 71426 
LOSSa-eters 2,541 | 2,010 19,771| 4,304 24,075 
1939 ..-| 3,675 | 2,970 | 90,908] 4,004 | 94,912 
TOAOs Sete as 3,829 | 3,080 | 142,060] 4,678 | 147,647 
IQ4I: 

- Jane. 256 184 9,866 427 10,293 
Feb.... 199 140 8,608 BTL 9,069 
Mar... 242 185 9,083 409 10,392 
Apr.t cs 259 IOI 9,861 435 10,296 
May...| 352] 267] 10,054| 445 | 10,499 
June..,}' 303 227 9,973| 432 10,405 
July oles2s 245 10,427 427 10,854 
Aug...| 456 363 11,670 416 12,086 
Sept...| 472 301 12,257 435 12,6092 
Octeecd|) =3'57 279 | 12,642 463 13,105 
Now. ov} “aie2 a7r 11,604 422 12,116 
Dec.... 262 182 11,869 463 12,332 

3,838 | 2,025 | 128,004] 5,145 | 134,139 


@ Production figures based on information furnished 
by oil companies and pipe-line companies. 

b’Includes Devonian production at Sandoval and 
Bartelso. 

¢ From the U. S. Bureau of Mines. 


In the Salem pool 99 producing wells 
were deepened from the Devonian lime- 
stone to the Kimmswick (‘‘Trenton’’) 
limestone, which was productive in the 
field. The Devonian limestone was tested 
in the Louden pool and found productive, 
and during the year 59 Devonian wells 
were completed in the field. The St. Peter 
sandstone was tested in the Salem field 
and found nonproductive. No saturation 
was reported below the Kimmswick lime- 
stone. The St. Peter was also tested in the 
Louden pool and found nonproductive. A 
small part of the Kimmswick limestone 
showed oil saturation in the test drilled 
but the amount of saturation was not 
commercial. 


PROSPECTS FOR 19042 


The outlook for 1942 is for a greatly 
reduced drilling program in proven areas 
and for less exploration throughout the 
state. This decrease in activity is brought 
about by the difficulty of obtaining equip- 


OIL AND GAS DEVELOPMENT IN ILLINOIS IN I94I 


ment for the wells and the introduction of 
the current well-spacing program. 


Economic DATA 


On the basis of posted prices, the total 
value of the oil produced in 1941 was 
approximately $174,380,700. The average 
price calculated from the available data on 
production and prices for the state was 
$1.30 per barrel for the year. Posted prices 
for Illinois crude oil in 1941 were as shown 
in Table 9. 


TABLE 5.—Wildcat Wells Drilled in Illinois 


im 1941 
Total 
Reason for Drilling Num- Set tree Ftc 
ber 
Geology, geophysics and geo- 
CREMISHY «0.0 des coke meets 202 63 21.6 
Not based on geologic, geo- 
physical or capaci: Wor in- 
formation.. eek hee 173 oO fe) 
Doubtiulsic sc packe te cee 101 21 20.8 
Unico wits. SeSs0 sna oe cre oe 25 fo) oO 
Total occ cc bere wa reese 501 84 14.2 


In 1941, a total of 9,513,547 ft. of hole 
was drilled in the state. Of this amount 
7,357,193 ft. was drilled in producing wells. 
With an assumed average cost of $3.00 per 
foot, the total investment in drilling was 
$28,540,641, including both producing wells 
and dry holes. The average depth of all 
wells drilled in the state in 1941 was 2480 
ft., as compared with 2500 ft. in. 1940. 

The average initial daily production of 
the oil wells was 278 bbl., which was less — 
than half of that for 1940. The large initial 
production of the Devonian wells in Salem 
and Centralia fields accounted for the high 
initial daily average of 573 bbl. for 1940. 


Pree LINES AND REFINERIES 


Pipe-line construction in Illinois in 1941 
was limited principally to the construction 
of lines connecting the new pools with trunk 
lines already constructed. Most of the 
construction was to provide outlets for 
the new pools in Franklin, Hamilton, 


HOG ecielsae <2 


Champaign....... 
Christian........ 
eon ante ete 


_ Fayette... 


Mavettecs.¢. sa... 


Fulton... 
Hancock 
Jackson... 


McLean... 


Macoupin. : 
Madison. . 3 
Madison.......02: 
Montgomery...... 
Montgomery...... 
Montgomery..... . 
Montgomery..... . 
Montgomery..... . 
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Wildcat 
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Wildcat 
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.| Wildcat 


Wildcat 
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TABLE 6.—Important Tests in 1941 
eee A Fas ag NE eer oe leis. 


Location 


12-28-8W 
28-4N-4W 
21-6N-2W 
15-6N-2W 
1-4N-4W 
18-17N-11E 


18-22N-8E 
24-12N-1W 
26-15N-2W 
18-11N-14W 
1-9N-14W 
4-2N-8E 


9-1N-3 W 
27-3N-1W 
22-1N-5W 
33-14N-10E 
36-14N-10E 


7-6N-13 W. 
33-16N-9E 


2-40N-9E 
19-15N-13W 
21-8N-3E 
13-4N-1W 


16-8N-3E 


11-7N-1E 
28-4N-5W 
9-8S-3 W 


24-118-3E 


10-10N-3E 
20-3N-12W 
28-22N-1E 


1-9N-7W 
27-5N-8W 
22-3N-6W 
28-9N-4W 
10-9N-2W 
20-10N-2W 
3-10N-2W 


27-13N-13W 
12-13N-3E 
36-13N-3E 


30-18N-13W 
11-9N-1W 
32-25-4W 


Company and Farm 


Schachtsick, Reichart No. 1 

Farrelly, Kyle No. 1 

Schwarz & Shell, Studebaker No. 1 

Texas, Mull No. 1 

Haines & ee Hunter No. 1 

Union Products Petr. Co., Mess- 
man No. 1 

Robinson, Springer No. 1 

Olson Drill. Co. Tex. No. 1 

Marlow et al., Howell No. 1 

Harvey, Phillips No. 1 

Swan-King, Claypool 

Pure, Mosely, No. “B”’ 3 


Mosebach, Schlarmann No. 1 
Obering et al., Yantis No. 1 
Gerson et al., Billhart No. 1 
Allen & Sherritt, Taylor No. 1 
a Oakland Syndicate, Temple 


Powers, Kirtland No. 1 
ye! Mid-Continent, Bragg No. 


LC.R., Bartlett 

Leonard, Baker No. 1 

Carter Oil Co., Brauer No. 6-D 
Angelo-Twelve Oil Co., Oates No. 


1 
Whisenant, Lilley No. 25-D 


Lee Twp. Oil Co., Walker No. 1 
Tate, Rice No. 1 ; 
poe Petr. Co., Smith Heirs 


0. 
Benedum & Trees Oil Co., Cavitt, 


No. 1 
Davis, Byland No. 1 
Robinson, Sauers No. 1 
Funks Grove Oil & Gas Co., 
Crawford No.1 _ 
Bridges et al., Feiker No. 1 
Kiskadden, Fischer No. 1 
Wickwire et al., Ellis No. 1 
Brown et al., Luddeke No. 1 
Hoover, Battles No. 1 
Detrick, Banes No. 1 
Benedum & Trees, Janssen Heirs 
Brown & Hager, Luddeke No. 1 
Hunt Cuddy No. 2 
Measley et al., Crum No. 1 
Magnolia Petr., Keplinger No. 1 
Olson Drill. Co., Ekiss No. 1 
Alspach, Smith No. 1 
Magnolia Petr., pon No. 1 
Morris, Rasp No. 1-A 
Gass and Frazier, Hahn No. 1 
Bedell, Adams No. 1 
Olson Drill. Co., vere No. 1 
0. C. Brunsbold, Harley-Yantis, 


No. 

cite: Trisler No. 1 
Monarch Co., Hoadley No. 1 
Bergundthal Dement No. 1 


Total Deepest Date 
Depth, ‘ormation ahs Een Com- 
Ft. Tested | marssi\ pleted 
901 | St. Peter 820 | Dry [5/20/41 
2,150 | Devonian 2,115 Dry |5/6/41 
3,206 | ‘Trenton’ 3,144 Dry |8/5/41 
2,476 | Devonian Dry |7/15/41 
2,539 | Ste. Genevieve | 2,420 | Dry {3/4/41 
1,850 | “Trenton’’ 1,683 Dry {5/20/41 
1,404 | “Trenton” 1,255 Dry |10/28/41 
{2,720 | Devonian 2,540] | Dry |6/10/41 
2,016 | Devonian 1,915 Dry |7/29/41 
1,560 | Dev.-Sil. Dry |6/24/41 
1,687 | Devonian 1,622 | Dry |12/16/41 
4,840 | Devonian 4,669 Dry {10/21/41 
4,213 | St. Peter 4,175 | Dry |4/22/41 
2,871 | Devonian 2,802 Dry |4/8/41 
3,217 | “Trenton” 2,955 |Dry |8/5/41 
1,143 | Devonian Dry |3/11/41 
2,290 | “Plattin’’ 2,145 Dry |2/25/41 
3,110 | Devonian 3,095 Dry [5/13/41 
700 | Devonian Dry /|10/28/41 
1,175 | Franconia Dry |12/30/41 
960 | Devonian 890 Dry. |9/30/41 
4,679 | St. Peter 4,421 Dry |11/24/41 
3,056 | Devonian 2,942 Dry {1/14/41 
3,181 | Devonian 3,063 1,248 |5/27/41 
BOF 
955 | “Trenton’’ 953 Dry {5/13/41 
2,085 | Dresbach Dry |4/29/41 
3,893 | “Trenton” 3,705 | Dry |1/21/41 
4,250 | Devonian 4,097 | Dry |8/11/41 
1,200 | “Trenton” 967 | Dry |6/3/41 
5,013 | “Trenton” 4,862 |Dry |2/25/41 
2,115 | “Trenton” 1,995 | Dry {5/27/41 
1,613 | Devonian 1,505 4/1/41 
1,955 | Decorah 1 945(2) ig 11/4/41 
1,410 | Devonian Dry {2/11/41 
2,008 | Devonian uf O70 Dry |5/20/41 
2,598 | Devonian 2 5 19 Dry |5/20/41 
2,528 | Dev.-Sil. 9298 Dry |7/1/41 
3,237 | “Trenton” 3,144 | Dry |8/19/41 
1,810 | Devonian Dry |2/18/41 
1,512 | “Trenton” 1,380 | Dry |4/15/41 
1,200 | ‘Trenton’ 1,120 Dry |4/15/41 
1,765 | “Trenton” 1,585 Dry |9/9/41 
2,947 | Dev.-Sil. 2,768 | Dry |6/24/41 
1,715 | Devonian 1,681 Dry |7/15/41 
1,450 | “Trenton” Dry |7/15/41 
2,075 | “Trenton” 1,947 | Dry {10/14/41 
1,500 | “Trenton” 1,469 | Dry |11/25/41 
1,050 | St. Peter 875 | Dry |3/25/41 
2,922 | Devonian 2,822 | Dry |7/1/41 
3,061 | Devonian 2,970 |,Dry |2/4/41 
1,775 | Devonian 1,428 | Dry |6/10/41 
538 | Dev.-Sil. Dry |9/3/41 
2,395 | Devonian 2,347. | Dry |11/25/41 


Wabash, Wayne, and White Counties. 
Pipe-line construction in Illinois during 


1941 was as follows: 
Crude Oil 


Ashland Oil and Transportation Co.—6 miles 
4-in., Johnsonville field to Sims field, Wayne 


County. 


field to Benton North field; 
Parkersburg field to Illinois Pipe Line. 


miles 6-in., 


Centralia Crude Oil Purchasing Co.—214 miles 
3-in. and 4-in., Tonti field to Salem field. 
Central Pipe Line Co.—4 miles 4-in., Benton 
2 miles 4-in., 


R. Hal Compton Crude Oil Purchasing Co.—13 


Worth Refining Company’s 
refinery, Blue Island, Ill., south to the Texas- 
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TABLE 7.—Summary of Drilling and Initial Production in Illinois for 1941 
Number of Wells Total Initial Number of Feet 
Drilled in 1941 Production Drilled in 19414 
County Con Producing Gas ‘ 
ple- Gi | Millions]! Total | Producing 
tions Oil Gab u. Ft. j 
A Gasrrs ciaygsthe claveelevateie aiuie cals Nett orate 5 ts) te) (3) ° 4,331 ° 
Bonds os sme ao cometh reuace arasate pera Lan ane 21 4 (7) 102 ts) 27,027 3,667 
Baredt,: cle sb tankids bale coe eee 2 ° o ts) ts) 3,126 to) 
RSG Si diane > aks be ote atric RoR ee one ET I ° ° ts) ° 501 ° 
Champaign sescgct <i eten uo ana ae eee 5 co) ° ° ° 6,122 ° 
Chris tiga a nalsforcsoiitis elias cnet e te) ° fe) to) 6,625 to) 
Clair onsite capa O ates ae 20 7 " 96 1.0 15,577 5,844 
Claly.eSles cle ex inact ol neta eee 93 59 ° 13,500 o 258,033 157,324 
Clintons eis 2A ose on eae eee 64 25 I 1,090 7 97,385 37,886 
GOLES reo w creek Gates ele ee ee 8 I ts) 30 fs) 10,609 1,842 
Crawford. 7. ccsune fe eee aes 5 I fa) 6 (9) 9,014 953 
DekKaib. estate ene ea eee re) ts) ts) is) ° 1,1805 oO 
Dou glas.ir, alt nie ain Benedetti ee 2 ts) ° ° te) 1,550 ° 
DuPage... ees. Nec cease eae I i) (s) oO rs) 1,175 oO 
Hid Sareae <a hie biter a ei ce ete ee 9 I I To Ta 4,852 950 
Ba wards; eis, sete oe vee oe ae 52 36 oO 24,082 (3) 143,894 95,562 
Hingham. aeeiepedcooan eens 32 17 () 2,006 to) 67,082 37,144 
EA Vetcey onus. ria aus eric nate ae a 238 190 oO 28,076 oO 476,575 388,525 
Prankers ts ie crnbde cic: setae tins 277 231 ts) 64,087 te) 625,315 502,644 
MRICUGONG Bese rch ciety we Ee aaa ete Tae 2 0 oO oO (3) 1,960 oO 
Gallatin. g.7 65 cease ok ren 96 62 (3) 8,167 ts) 198,257 124,577 
Greens enc cacte ee ice ae eee I (7) oO oO (a) 570 to) 
432 372 re) 115,356 o 1,369,026 | 1,168,414 
I (3) ts) ° ts) 2,085 ° 
to) (7) 0 (0) (3) 275° ° 
bas) I ie) 5 ° 22,597 2,387 
176 140 ° 55,077 ° 494,908 393,857 
184 147 te) 51,353 ° 368,856 263,748 
2 [e) (3) ° () 4,958 Oo 
Ir ° fs) ° fo) 1,200 ° 
3 ° 9) ° ce) 2,613 ce) 
48 18 8 1,200 32.5 72,712 33,189 
LGRAT Ge elsis craters Mlk arene) te ° (+) (0) te) ° 630° ° 
MeDonough 8 ciate cate tae es 10 3 (0) 4 to) 6,361 1,377 
INCE CAsiie tint xc) nie seein set eben ine aa I ° f9) ° (7) 2,115 te) 
MaCOupIN: (oct camretorn tts meee oe 8 3 te) 46 i) 6,787 1,352 
MU AGISGn bie oie one seeterel tls aoamatiakaune Ue 3 re) t) oO t) 2,220 
NATION ceetos Osreener aan ted, sae aha 127 95 re) 10,073 o 347,001 278,169 
Monroe........ 3 3 to) 50 to) 1,415 1,415 
Montgomery 15 I oO 22 ° 18,739 602 
MOrmenh. si atiniicr tense «en cane ORE eae 5 ° o o to) 5,592 ts) 
Mptiiries cee. a ak, He onlin ates eee I ° te) o ° 2,047 ° 
DGQus eaters brcely inte shake aeroanes ae te 5 ° i) te) ° 6,463 ° 
ee snl AW ars adsl Sona Atv ah one eisael anasAe ras ba I ° ° ° ° 451 ts) 
ODE arate v.s.claih ove tir Se ast icone ake 2 ° ° 7) ° +440 ° 
Randolph 7 ° te) ° ° eet o 
Richland 99 68 to) 31,283 ° 203,288 198,154 
St. Clair 38 27 ° 2,441 te) 28,488 18,552 
MAUNG ya cece eon Met il, chat recur ata re 13 2 ° 92 C) 36,759 6,142 
Schuyler I ° ° ° te) 735 0 
SCO. ares ite ere ahaa ay hac eh elitiee I ° ° ° to) I,050 ° 
SHO GS, ican otesurait ee th 17 2 i) 62 ° 34,112 3,632 
Vermilion. ff t0) 0 te) ° 1,775 oO 
Wabash 356 285 I 35,271 1.6 662,371 510,013 
Warrenty oo aide ale tlnais aides sus I ° ° ° 538 ° 
Washington 69 43 7) 3,658 ° 101,068 64,519 
Wayne, act attr sictivin hie ages) tes ds 409 340 te) 242,054 te) 1,296,202 | 1,068,808 
PWAIRG sectors emmtetolpatls Guieiann ert, Wee tae anne 8390 728 I 118,395 3.5 2,317,003 | 1,085,855 
WihiteR Gee aches teats ancients crane 2 ° ° ° 0 2,156 0 
PWAL RA BOLE CNiierale otatcten$ «alee os see 10 ° to) ° ° 23,527 ° 
3,838 | 2,012 | 13 807,784 57-6 | 9,513,547 | 7,357,193 


@ Includes old wells deepened. 


> Old well deepened. 
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Empire and Sinclair Pipe Line Company’s 
trunk lines to East Chicago, Indiana. 

Farm Bureau Oil Co.—5 miles 4-in., New 
Harmony Consolidated field to Indiana. 

Gulf Pipe Line Co.—75 miles 1o-in. loops in 
its trunk line across Illinois. 

Illinois Pipe Line Co.—33 miles 8-in., Benton 
field to Enfield Station, White County; - 
81 miles 8-in., Parkersburg field to Lan- 
caster Station, Wabash County; 64 miles 
ro-in. loops in line from Enfield Station, 
White County, to Stoy Station, Crawford 
County. 

Marimac Oil Co.—6 miles 5-in. and 7-in., 
Johnsonville field to loading rack at Cisne, 
Tllinois. 

Pure Transportation Co. (formerly Wabash 
Pipe Line Co.)—9 miles 4-in., New Har- 
mony Consolidated field to Enfield Station, 
White County; 6 miles 6-in., Johnsonville 
field to Cisne field; 5 miles 6-in., West Clay 
City field to Cisne-Clay City line; 2 miles 
4-in., Ste. Marie field to trunk line of Sohio 
Pipe Line Company. 
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Sohio Corporation.—33 miles 6-in., Benton 


field to Enfield Station, White County; 
1214 miles 4-in., Dahlgren field to Hoodville 
Station, Hoodville field; 814 miles 6-in., 
Salem field to Dix-Centralia line; 414 miles 
4-in., New Harmony Consolidated field to 
Indiana; 914 miles 4-in., Omaha field to 
Storms field; 6-in. loop in line from Storms 
field to Indiana; 12 miles 4-in., Woodlawn 
field to Dix-Centralia line; 344 miles 4-in., 
Burnt Prairie field to Enfield Station, White 
County; 9 miles 4-in. and 6-in., Albion field 
to Indiana; 16 miles 4-in., Mt. Carmel field 
to Lancaster Station, Wabash County; 
74 miles 3-in., Keensburg Consolidated field 
to Mt. Carmel field; 5.5 miles 4-in., Mill 
Shoals field to Boyleston-Barnhill line; 
4 miles 4-in., Sailor Springs field to trunk 
line near Clay City, Ill; 14 miles 4-in., 
Inman field to Indiana; 10 miles 4-in., and 
8 miles 6-in. loop, Johnsonville field to Flora 
Station, Clay County. 

Sun Pipe Line Co.—1¥4 miles 4-in., Rural Hill 
field to Benton-Enfield trunk line of the 


TABLE 8.—Fields with Wells Producing from More than One Formation 


ber of Come '| Nucubenet Welle and Diodes 
. eT 0 om- umber oO ells an roducing 
Field County bination Formations* 
Wells 
Clay City Consolidated............ Clay, Wayne 8 1CB, 2AR, 5RM 
ibion: ad MS RR Ue Moan res Ce ae ol fe Edwards 6 3BA, 1BM, 2BAM 
HRCA tae ratate ahve aas (aielacs 3) o eevelaace sb Fayette, Effingham 187 ‘| rorCP, 43CB, 14PB, 29oCPB 
DAG ier ge etaverstetele Rie es «boy niece Sete ivenege ei 9 a ears IRM 
OGM yillereietcitiae east eae | amilton! 33 33 
Litter S RULER A Act 28 Aa ean Reeser Hamilton 32 13AL, 5ALM, 6LM, 8AM 
Sallonas niece a1 cy wie ane ...| Marion 706 471BA, 231MS, 2BAM, 1AM, 1MD 
Dundas Consolidated... ....-..-..-- Richland, Jasper 2 1AM, 1RM 
Keensburg Consolidated............ Wabash 8 2BiC, 3CB, 2BA, 1AM 
iW Bree Oricon cl] Mel raee at Ue, Set aren ee Wabash Io 2BiC, 2BiCM, 6CM 
vance OTS Arete hie els ilos Meter taes Washington I 1CB 
atenini a. Avicenna ot teoene se Lepeieehs Wayne 2 2RM 
phan dees ts sg ey en in gee ae ea pores x ae 
MeCN oak be yee re heals ayne 
ae a eS SAME eon ne ere a White a ae aT ee Anh vate 
i Caen ase it 160 sae , 30PB, 1TB, 5 
New Harmony Consolidated ite SCRA. BBM? item. swe: 
27CB, 28CBA, 2WA, 3TCA, 
3TA, tTCB, 4AM, 8BA, 1WB, 
ITM, 1CM, 2WCBAM, 1WCB, 
1CPM, 11CA, 2TC, 1CPB, 1BM, 
ICPBAM, 1BiCA, 1PA, 1WM, 
Wea. Cae WB, oWA, 1CBA 
Mirae tie tht Ret o25.0 hit 2 I pes OB a7 a) Ara 5 
Rol asics. teysiarave dot « White 4 a ap eR 
WitlinShoals: seven ches pe octiseclene White, Hamilton 2 2AM 
1,196 
4 Names of sands indicated, as follows: P 
Bi, Biehl C, Cypress R, Rosiclare 
W, Waltersburg P, Paint Creek Stray M, McClosky 
T, Tar Springs B, Bethel S, Salem | 
H, Hardinsburg A, Aux Vases D, Devonian 
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Illinois Pipe Line Co.; looped 4-in. line New 
Harmony Consolidated field to Centerville 
station. 

Texas Pipe Line Co.—21 miles 6-in., Salem 
field to Woodlawn field; 5 miles 6-in., 
Johnsonville field to their Aden-Clay City 
line; 18 miles 6-in., Johnsonville field to Clay 
City station; 15 miles of proposed 6-in. line 
from Johnsonville field to Rural Hill field. 

Toronto Pipe Line Co.—g miles 6-in., Albion 
station to Griffin field, Ind.; 5 miles 4-in., 
New Harmony Consolidated to Griffin field, 
Indiana. 

Western Pipe Line Co.—1}4 miles 4-in., Cen- 
terville East field to Centerville station. 


Natural Gas 


Five Partners Gas Co.—2 miles 6-in., Albion 
field to Albion, Illinois. 

Illinois Iowa Power Co.—8 miles 3-in., Mid- 
land City to Clinton, Ill.; 20 miles 3-in., 
Annawan to Galva, Illinois. 

Illinois Natural Gas Co.—47 miles 8-in., 
Peoria to Galesburg, Ill.; 1o miles 4-in., 
Knoxville to Abingdon, Ill; 14 miles 
3-in., Lincoln to Midland City, IIl.; 6 miles 
2-in., Atwood to Arthur, Illinois. 

Kentucky Natural Gas Corporation.—14 miles 
4-in., Indiana to Robinson, Ill.; 9 miles 
2-in., Robinson to Oblong, Illinois. 

Mississippi River Fuel Corporation.—1o miles 
12-in. loop in line from Venice to Wood 
River, Illinois. 

Natural Gas Pipeline Company of America.— 
127 miles 20-in., Geneseo station, Henry 
County to Wisconsin state boundary line. 

Panhandle Eastern Pipe Line Co.—87 miles 
24-in., loops in trunk line across Illinois. 


No new refineries were constructed in 
Illinois during 1941, but the total refinery 
capacity was increased from 258,750 to 
275,450 bbl. 

During the year, 64.7 per cent of Illinois 
crude-oil production was sent to refineries 
in the Central refining district (Illinois, 
Indiana, Kentucky, Michigan, and western 
Ohio), 18.0 per cent to the Appalachian 
refining district (eastern Ohio, western New 
York, western Pennsylvania, and West 
Virginia), and 7.4 per cent to the Atlantic 
seaboard. For December 1941 the runs to 
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stills in the Central and Appalachian 
refining districts were 26,653,000 bbl. Of 
this amount, Illinois production was 
46.3 per cent. Stocks of crude petroleum 
on hand in Illinois on Dec. 31, 1041, 


TABLE 9.—Posted Prices for Illinois Crude 
im 1941 


Period Beginning 


Field Aug.| Apr. | Apr. | Apr. | May | Dec. 
21, i. 10, | 28, | 21, | 31, 
1940 | 1941 | IO41 | 1941 | 1941 | 1941 


Old fields..... $1.00/$1.05/$1.07/$1.12/$1.22/$1.22 
Central basin 

fields, Salem 

area and 


Griffin area.| 1.15] 1.20] 1.22] 1.27] I.37| 1.37 


were 18,280,000 bbl. as compared with 
13,944,000 bbl. on Dec. 31, 1940. Stocks 
of refined products in the Central and 
Appalachian refining districts compared 
with the previous year are as follows: 


Dec. 31, Dec. 31, 
Product IO4I, 1940, 
Bbl. Bbl. 


Gasoline...... See eee 22,011,000) 19,305,000 
Gas oil and distillate fuel....] 4,763,000] 3,629,000 
Residual fuel oil............ 4,479,000| 3,221,000 


PRODUCTION OF NATURAL GAS 


The amount of natural gas produced 
and marketed in Illinois during 1941 was 
1,699,400,000 cu. ft. The amount marketed 
from each field is given in Table 10. 

Eight new wells were drilled and one 
well was abandoned within proved terri- 
tory in the Russellville gas field during 
1941, bringing the total number of produc- 
ing wells in the field to 48. The productive 
area of the Buchanan sand proved by 
drilling is 1600 acres, 20 acres more than in 
1940. Six wells were completed in the 
Bridgeport sand at an average depth of 
793 ft., and the top of the sand was 
encountered at an average depth of 760 ft. 
The initial production of the wells was 
of the order of 2,000,000 cu. ft. each. The 
productive area of the Bridgeport sand 
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proved by drilling is 260 acres. There was 
no new development in the Ayers gas field, 
Bond County, during the year, and no 
wells were abandoned. 

Natural gas production in the Louden 
pool for 1941 is estimated to be 13.7 billion 
cu. ft. The average daily production at 
the end of the year was approximately 
36,000,000 cu. ft. Approximately 15,000,000 
cu. ft. of gas is processed daily by Carter 
Oil Company’s two repressuring plants, and 
6,000,000 cu. ft. of residue gas is injected 
into the producing sands. Residue gas from 
the two plants is furnished also to the 
G. H. & G. Pipe Line Co. for the towns of 


¥ St. Elmo and Brownstown, IIl., at the 


rate of 1,400,000 cu. ft. daily. The pipe- 
line company also receives 61,600 cu. ft. of 
gas daily from a well in the Louden field, 

‘which is producing from a basal Pennsyl- 
vanian sandstone. 

The production of natural gas in the 
Salem field for 1941 is estimated to be 
35.4 billion cu. ft. At the end of the year 
the estimated daily production was 82,000- 
ooo cu. ft. Of this amount 59,000,000 cu. ft. 
daily is processed by the natural-gasoline 
plants in the field. The Texas Company 
processes 30,000,000 cu. ft. daily; the 
Warren Petroleum Co., 16,000,000 and the 
Sunflower Natural Gasoline Co., 13,000,000 
in its two plants. The Texas Company 
returns 4,000,000 cu. ft. of residue gas daily 
to the producing sands in its repressuring 
operation. 

Residue gas from the Warren Petroleum 
Company’s plant is supplied to Salem, 
Centralia and Mt. Vernon, Ill. This con- 
sumption at the end of the year was 
approximately 1,000,000 cu. ft. daily. 
Centralia and Mt. Vernon began using the 
gas about Nov. 15, 1941. 

The Centralia field produced an esti- 
mated 1.8 billion cu. ft. of gas during 
1941. The decline in Devonian oil produc- 
tion in the field largely accounts for the 
decline in gas production during the past 
year. Daily average production of natural 


gas at the end of 1941 was estimated to be 
4,000,000 cu. ft. Repressuring of the 
Cypress and Bethel sandstones has been 
carried on by two companies operating in 
the field. One of the two repressuring proj- 
ects was shut down at the end of the year. 
A total of 180,000 cu. ft. of gas daily was 
injected in the producing formations when 
both were in operation. 

Production of natural gas in the Storms 
field continued to decline in 1941. Daily 
average production at the end of the year 
was estimated to be 5,000,000 cu. ft. Pro- 
duction of natural gas for 1941 is estimated 
to be 2.2 billion cubic feet. Repressuring 
of the producing sand was begun by one 
of the companies operating in the field. A 
total of 120,000 cu. ft. of gas daily is being 
injected through one input well. 

The Warren Petroleum Co. has started 
construction of a natural gasoline plant in 
the New Harmony Consolidated field, 
White County. The company proposes to 
take 20,000,000 cu. ft. of gas daily from 
the New Harmony Consolidated, Griffin 
(Indiana) and Keensburg Consolidated 
fields. The residue gas is to be returned 
to the producing sands through certain 
wells that now are producing oil. The daily 
natural-gas production in these three fields 
is estimated to be 25,000,000 cu. ft. Gas 
production during 1941 is estimated to have 
been 9 billion cubic feet. 

Natural gas produced with the oil in the 
Albion pool, Edwards County, was mark- 
eted to brick-manufacturing plants at 
Albion, Ill., during part of 1941. Daily 
average production for the field at the end 
of 1941 was approximately 1,000,000 cu. ft. 
Production for the entire year is estimated 
to have been 445,000,000 cubic feet. 

New fields and further extension of the 
productive acreage in older fields in the 
Central Basin area increased the produc- 
tion of natural gas in that area during 1941. 
This area includes 33,800 productive acres 
in Jasper, Richland, Clay, Wayne, north- 
ern Hamilton and northwestern White 
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counties. The total production is estimated 
to have been 24.5 billion cu. ft. The new 
Johnsonville field, in Wayne County, 
accounts for more than one third of the 
natural gas produced from the entire area. 
The fields on the south and southwest 
margin of the Illinois Basin in southern 
Illinois produced an estimated total of 
14.5 billion cu. ft. of gas in 1941. These 
include among others the more impor- 
tant gas-producing fields, such as Wood- 
lawn, Jefferson County; Benton, Franklin 
County; Rural Hill, Hoodville, and Dale, 
Hamilton County. 
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in the New Harmony Consolidated field, 
White County, and the construction of a 
plant in the Hoodville field, Hamilton 
County, is planned by the Texas Company. 

Butane production in the Louden field 
plants is approximately 19,000 gal. daily, 
and in the Salem field 77,500 gal. daily. 
The production of propane is 13,000 gal. 
daily at Louden, and 34,400 gal. daily at 
Salem. 


SECONDARY RECOVERY 


Repressuring was continued of the Bethel 
and Aux Vases sandstones of the Chester 


TABLE 10.—Natural Gas in Illinois in 1941 


Amount Pro- 
Field County Where Marketed duced and Mar- 
keted, Cu. Ft. 
Raassellville:gass icv aa sie peaulepos's: «Nanako 4) tees the Lawrence Lawrenceville, Bridgeport, 863,000,000 
Sumner and Olney, Ill. 
and Ind. 
Bxrere SAS or i Votuieca, OAT ale nzan sacs Gay cane ieii-trs Site aoe Bond Greenville, Ill. 13,400,000 
Sales: Cele int ches Sah ce oe te Sa Cer inet Marion Salem, Centralia, and Mt. 165,000,000 
Vernon, Ill. 
TOWdenS ae oe SR eee ee eee Se rere one eres Fayette aes and Brownstown, 536,000,000 
Ripion! ae eee Mie Ee eC ee Coe Edwards | Albion, Ill. 122,000,000 
etgiek eam Gi made bie le angela Guete aera 1,699,400,000 


2 Residue gas from natural gasoline plants. 
6 Used in brick plants only. 


NATURAL GASOLINE, BUTANE AND 
PROPANE 


Natural gasoline is produced at 44 plants 
in the old southeastern field, with a total 
output of approximately 11,000 gal. daily; 
two plants in the Louden field, with a daily 
output of 40,000 gal., four plants in the 
Salem field, with an output of 113,000 gal. 
daily. According to the U. S. Bureau of 
Mines,* Illinois produced 55,077,000 gal. 
of natural gasoline in 1941. In January, the 
amount was 3,372,000 gal.; there was a 
steady increase to 6,209,000 gal. in Decem- 
ber. More than 75,000,000 cu. ft. of gas 
produced with the oil in the Illinois fields 
is processed daily in natural gasoline plants. 
Construction of a natural gasoline plant 
by the Warren Petroleum Co. has begun 


* G. R. Hopkins, personal communication Feb- 
ruary 1942. 


series and the McClosky limestone of the 
lower Mississippian system in the Salem 
field. At the end of 1941 about 4,000,000 
cu. ft. of “dry” gas was being injected 
daily into 53 gas-input wells; 85 sand faces 
are open in the 53 wells. Twenty-one new 
input wells were drilled in 1941. 

Twenty gas-input wells were drilled in. 
1941 by the Carter Oil Co. for its repressur- 
ing project in the Louden field. This 
brought the total to 83 input wells in the 
field as of the end of the year, injecting 
approximately 6,000,000 cu. ft. of “dry” 
gas daily into the Cypress, Paint Creek 
Stray and Bethel sandstones of the Chester 
series. 

Repressuring the Cypress and Bethel 
sandstones in the Centralia field has been 
carried on by two of the operating com- 
panies in the field. Approximately 80,000 
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cu. ft. is injected daily into the Cypress 
_ sandstone through one input well and 
100,000 cu. ft. daily into the Bethel sand- 
stone through three input wells. The 
repressuring project for the Bethel sand- 
stone was temporarily shut down at the 
end of the year. Gas is injected in the 
Waltersburg sandstone in the Storms field, 
through one of the former producing wells. 
Little change took place in 1941 in the 
repressuring or water-flooding operations 
in the old fields. Ten new air and/or gas- 
input wells were added in Crawford 
County and six were abandoned. Twenty- 
five air-input wells were abandoned in the 
. Carlyle pool when the properties involved 
in the repressuring project were sold. 


LEGISLATION 


An Act amending the general mining law 
of Illinois, which included the regulation 
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of drilling wells in Illinois, was approved 
and in force July 15, to4r. The new law 
provides that permits to drill shall be 
issued by the Department of Mines and 
Minerals, Springfield, Ill., which also 
regulates spacing and plugging of wells, 
disposal of brine, repressuring, and other 
operations. Federal Conservation Order 
M68, restricting drilling to one well to 40 
acres, in order to save steel, was issued 
Dec. 23, 1941, and has led to a considerable’ 
reduction of drilling in the state during the 
first three months of 1942. 
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Oil and Gas Activity in Indiana in 1941 


By Ratpu E. Esarey* AND Rospert G. RENO* 


DRILLING activity and prospecting for 
oil and gas increased in Indiana in 1941 
over the previous year. The greater part 
of the drilling and development continued 
to centralize in the Indiana portion of the 
Interior Coal Basin, in the southwestern 
part of the state, but other parts of the 
state were not neglected. Many wildcat 
wells were drilled, including a series of 
core tests through the mantle of drift 
on the southern flank of the Michigan 
Basin. These core tests have been followed 
by several unsuccessful production tests. 
Production tests were made also along the 
axis of the Logansport-Kankakee branch 
of the Cincinnati Arch. 

In all, 411 field locations and 141 wildcat 
wells were completed in Indiana during 
1941; that is, a total of 552 wells, an 
increase of 32 wells over the previous year. 
The field tests resulted in 260 oil wells, 57 
gas wells, and o4 dry holes; wildcats in- 
cluded 16 oil wells, 3 gas wells and 122 dry 
holes. At the end of the year, 53 field wells 
and 34 wildcats were drilling. Gibson and 
Posey Counties led the state, with 154 and 
155 wells drilled, respectively. However, 
125 wells produced oil in Gibson County, 
while 98 produced oil in Posey County. 
Twenty-five per cent of all wells drilled 
were wildcat; 11 per cent of these produced 
oil and 5 per cent produced gas. 

Griffin field continued to lead in drilling 
activity, with 157 successful wells and 20 
dry holes (including important wells 
defining the field). Production is found in 
five pay zones (Tar Springs, Waltersburg, 


Manuscript received at the office of the Institute 
April 14, 1942. 


_ * State Geologist and State Gas Supervisor, respec- 
tively, Indianapolis, Ind, 
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Elwren, Aux Vases and McClosky). It 
produced a major part of Indiana’s esti- 
mated 7,200,000 bbl. of oil during the 


year. Heusler field, Posey County, ex-. 


panded with 11 oil wells and 4 dry holes 
in the Waltersburg and Tar Springs. 
Vienna field, Posey County, completed 
four oil producers in the Mansfield sand- 
stone, between 1200 and 1250 ft. The 
College field, discovered late in 1940, 
received three oil producers and two dry 
holes in the Aux Vases. 

Two new fields were discovered in 
Posey County during the year: Lamott 
pool, in the Tar Springs, at 1950 ft., had 
initial production of 55 bbl. on discovery. 
One producer and one dry hole have been 
drilled since. Mt. Vernon pool found 
saturation in both the Waltersburg and 
Cypress formations. The discovery well 
tested about tooo bbl. per day; it tested 


the McClosky at 2764 ft. Seven producers — 


have been drilled since the October dis- 
covery. Welborne-Switch pool found oil 
in the Cypress sand at approximately 2500 
ft., with an initial production of 33 bbl. 
One more well in the area proved a dry 
hole. 


Gibson County had the following dis- 


coveries in 1941: The Patoka field was 
opened by a McClosky producer of 300 bbl. 
Another producing well has been drilled. An 
attempt was made to extend the Illinois 
Mt. Carmel field into Gibson County, 
Ind., and one producer of 24 bbl. was 
completed on the Indiana side. A dry hole 
has since been drilled, one location south. 
One small well was completed in the Mans- 
field at 1105 ft. in sec. 31, T.2 S., R.r2 W., 
Gibson County promising a new field 
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TABLE 1.—Oil and Gas Production in Indiana 
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TABLE 1.—(Continued) 
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Deepest Zone Tested 
to End of 1941 
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called the Johnson. The second attempt 
proved dry. A new field in the Hazleton 
area was opened in the McClosky at 
1705 ft. Initial production was around 
200 bbl. Two more producers have been 
completed and several new locations are 
staked. The North Francisco field was 
opened with the Brown-Creselius well, 
producing 24 barrels. 

The Vernon pool opened in Vanderburgh 
County at approximately rroo ft. in the 
Mansfield sandstone, about 14 mile east 
of the Heusler pool. Six successful wells 
were drilled in the area, with an average 
initial production of 25 to 30 bbl. 

_ Spencer County opened the new Hatfield 

area with a discovery well of roo bbl. in 
the Waltersburg sandstone, after several 
dry holes had been drilled in the same 
section. Six producing wells are now com- 
plete. The Tar Springs and Mansfield 
proved to be new pay horizons in the 
Caborn area, with an initial production of 
several new wells ranging above 100 
barrels. 

The Stendal prospect, in Pike County, 
completed the (Dawson-Steed) Patberg 
No. 1 well at 65 bbl. from the Cypress sand. 

The Laconia gas field, Harrison County, 
completed six gas wells and three dry 
holes in the N. A. shale. The Decatur 
County field completed 12 producing 
Trenton gas wells. The Unionport field, in 
Randolph County, completed four Trenton 
producers. 

Activity in the old Trenton area in- 
creased and 1 oil well, 13 gas wells and 


397 
7 dry holes were completed in 10941 
(exclusive of Decatur and Randolph 


County fields). Initial production was not 
large, however. An attempt is being made 
to revive the old Horton oil field in Hamil- 
ton County, north of Indianapolis, where 
a 5-bbl. Trenton well was completed at 
1056 ft. Another well is being drilled near 
by. 

Interest continues to grow in the north- 
ern part of the state. The (so-called) 
Elkhart field, Elkhart County, completed 
a producing well in February in the 
Devonian, for 47 bbl. Since then, nine dry 
holes have been drilled in that general 
area. In August, the Anderson-Erb well 
was completed in Pulaski County for 
500,000 cu. ft. of gas from the Niagaran. 
This is near the old Francisville field. It 
appears to be an isolated pocket in the 
area. 

Daviess County opened the North 
Glendale gas field in the Cypress sand with 
a 600,000-cu. ft. well. Seven wells have 
since been completed for gas. 

In several other areas of the state, small 
gas wells, showing prospect of new pools, 
were completed. Large blocks continue to 
be assembled in northern Indiana. Activity 
in this area during 1941 surpassed all other 
years in total number of core and produc- 
tion tests. All tests thus far have proved 
disappointing in terms of production. With 
the expansion of wildcatting brought about 
by recent Federal Government rulings, 
Indiana should continue its new discoveries 
through 1942. 


The Oil Industry in Kansas during 1941 


By W. A. VER WIEBE* 


UNDER the impetus of new demands 
caused by the defense program, the oil and 
gas industries of Kansas established new 
records during the year 1941. In all, 2113 
wells were drilled, which compares favor- 
ably with the record total drilled in 1937. 
These 2113 tests resulted in 1446 oil wells, 
76 gas wells and 592 dry holes. In all 
three categories there was an increase 
over the previous year, but unfortunately 
the most marked increase was in the dry 
holes. Nearly 80 per cent of the increase 
must be allocated to the drilling of un- 
successful tests. This was partly because 
of the increasing difficulty of finding new 
reserve areas and partly because of the 
erratic character of the production in the 
Arbuckle dolomite, which is now the main 
producing zone. Closer analysis of the 
totals reveals that western Kansas ac- 
counted for 1634 tests, of which 1186 were 
oil wells, 34 were gas wells and 415 were 
dry holes. The total potential initial daily 
production uncovered by the successful 
wells amounted to 1,691,000 bbl. of oil 
and 508,000,000 cu. ft. of gas. Both figures 
indicate a considerable decrease when com- 
pared with the preceding year; in 1940 the 
respective figures were 2,128,000 bbl. and 
1,289,000,000 cu. feet. 

In eastern Kansas a total of 479 wells 
were drilled. Among these, 260 were oil 
wells accounting for a daily initial poten- 
tial production of 45,662 bbl. The new gas 
wells numbered 42 and added 290,438,000 
cu. ft. per day to the gas potential produc- 
tion of the state. The remaining tests, 
177 in number, were dry. 

”-* University of Wichita, Wichita, Kansas. 


Manuscript received at the office of the ‘Institute 
April 14, 1942. 


It is interesting and significant that 
almost half (791) of the total wells drilled 
in western Kansas were drilled by the 
independent operators. Among the large 
companies the Cities Service Oil Co. drilled 
169 wells; the Stanolind Oil and Gas Co., 
101; the Skelly Oil Co., 80; the Continental 
Oil Co., 99, and the Shell Petroleum Co., 
63 wells. In eastern Kansas the inde- 
pendent operators drilled 406 out of the 
total of 479 wells. Among the major oil 
companies the Cities Service Oil Co. 
drilled 38; the Phillips Petroleum Co., 
13, and the Sinclair-Prairie Oil Co., 11 wells. 

The figures on relative percentages of 
dry holes to successful oil or gas wells are 
revealing. In western Kansas approxi- 
mately one third of all wells drilled by the 
independent operators were dry holes. The 
major oil companies drilled approximately 
844 wells in western Kansas, of which 678 
were successful in finding either oil or gas. 
It thus appears that the major companies 
fared much better than the independents. 
In eastern Kansas the major companies 
drilled 73 wells of which 63 were successful 
in finding commercial quantities of oil or 
gas. 

No less than 286 wildcat tests were put 
down in western Kansas and 72 in eastern 
Kansas, or 358 in all, during 1ro41. Con- 
siderably more than half of these were 
drilled by independent operators; 200 in 
western and 66 in eastern Kansas. An ex- 
ploratory hole 14 mile or more from pro- 
duction is regarded as a wildcat well in 
Kansas. 

On a percentage basis, approximately 
75 per cent of all wildcat wells were failures; 
only 25 per cent found oil or gas in western 
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TABLE 1.—Producing Oil and Gas Fields in Kansas 
cee et ae ing ee ee ee 


Production 8 Producing Horizon 
County, Field and Location | Discovery Area, = 2 = 
Date Acres Cutrabe |e 8 a g 
In 1941 Rg 33 Name ray Ps Be 3 Character 
i oe |em 
Om Freips 
Barrels | Barrels 
Barber County... :...0..<00. 177,115 604,086] 25 
: 1} Viola 4,435 5| Limestone 
Lake City, 7-31-13W....| July 1937 160 11,876 55,926 1) Arbuckle 4,607 4| Dolomite 
11S; 
Me dicine Todye, 26-33- . Simpson 4,530 11] Sandstone 
Chee eee ar. 1937 80 2,622 45,703 2| Misener . | 4,845 2| Limeston 
sidanes, 21-31-14W..... Sept. 1941 40 None None 1} Viola 4,531 5 Timetons 
Sun City, 35-30-15W....| Dec. 1941 40 None None 1] Lans. K. C.* | 4,344 11| Limestone 
Whelan, 32-31-11W..... Aug. 1934 700 161,697 502,457 18] Chat 4,355 29} Chert 
Barton County.............. 12,041,208) 54,305,768 
4 -16- 1| Oread 2,925 4| Limestone 
Ainsworth, 26-16-13W...| Dec. 1936 5,000 438,193} 2,108,193 { 62 Arbuckle 3'390 Bl palemite 
F ‘ ans. K.C. | 3,140 
3 Ainsworth NW., 28-16-13] Apr. 1941 200} 14,625] 14,025] {5/278 3301 f 
z Ainsworth, W 5-17-18W.| Aug. 1941 40 3,840 3,840 1| Arbuckle 3,358 3| Dolomite 
: Albert, 30-18-15W...... Jan. 1935 1,600 118,033 660,533 18] Reagan 3,601 15| Sandstone 
6| Oread 2,900 6| Limestone 
Beaver, 16-16-12W...... Dec. 1934 1,200 135,490 983,593) + 24] Arbuckle 3,348 3| Dolomite 
; 1} Reagan 3,335 6| Sandstone 
Beaver N., 4-16-12W....| Oct. 1937 160 25,308 208,958 3) Arbuckle 3,316 10] Dolomite 
Bird, 38-18-15W........ Mar., 1940 40 3,215 6,115 1| Lamotte 3,508 2| Sandstone 
34| Lans. K.C. | 3,044 10| Limestone 
Bloomer, 36-17-11W....| Feb. 1936 4,600 | 2,121,404] 8,832,826 1| Sooy 3,310 Conglomerate 
187| Arbuckle 3,257 24| Dolomite 
’ 3|Lans. K.C. | 3,016 4| Limestone 
Davidson, 4-16-11W....| Mar. 1928 300 20,000 66,500 2| Sooy 3,317 21) Conglomerate 
A pes cou 26 Pelomie 
ans. K.C. |3,09 6| Limestone 
Eberhardt, 14-19-11W...| June 1935 320 74,000 228,300 | 7| Arbuckle 3311 Rol oleic 
Ellinwood N., 33-19-11W | July 1937 80 6,300 44,800 2| Arbuckle 3,328 22| Dolomite 
Feist, 29-18-11W....... Mar. 1936 40 4,830 50,856 i) yedanas 3,430 3 vere 
joy 3,342 2| Conglomerate 
Feltes, 14-16-12W.......| Nov. 1939 500 192,250 251,475 13 pees 3'350 al Dolomite 
Hagan, 20-20-11W...... Dec. 1938 80 16,730 31,060 2) Arbuckle 3,323 7| Dolomite 
Hammer, 35-19-12W....| Aug. 1940 40 4,600 8,050 1} Arbuckle 3,348 22) Dolomite 
Harzman, 33-16-11W....| Oct. 1939 400 61,200 63,600 10| Lans. K. C. | 3,124 8] Limestone 
Heiser, 16-19-14W...... Aug. 1935 40 3,600 22,500 1| Lans. K.C. | 3,228 25| Limestone 
Hiss, 31-20-18W........ Feb. 1936 200 45,900 289, 100 5| Lars. K.C. | 3,270 20} Limestone 
Hoisington, 21-17-13W.. | Jan. 1938 160 | 27,200] 83,t00){ 3) hans Ooo | asl Deleane 
Koval 32-20-11W...| Dec. 1941 40 | None None 1} Arbuckle 3,378 8} Dolomite 
Kraft, 10-17-11W....... Mar. 1937 5,000 712,800] 1,668,800 89| Arbuckle 3,281 8} Dolomite 
Kat Psa E., 36-16- ‘ 
UUNY Br eictelescrccictcte wie ots Dec. 1941 40 | None None 1] Arbuckle 3,357 13| Dolomite 
2| Topeka 2,845 Limestone 
6| Shawnee 2,885 Limestone 
Krier, 30-16-11W....... Oct. 1939 1,000 168,400 252,400 7| Lans. K.C. | 3,030 Limestone 
11| Sooy 3,327 Conglomerate 
2} Arbuckle 3,330 Pelorate 
Kruckenberg, 14-19-15W | Jan. 1939 160 Elen rea eed ey 
Lanterman, 15-19-11W. .| Jan. 1935 400 | 106,200] 315,400[{ fans tC. oe |S bie tone 
Odin, 10-17-12W. . May 1938 80 990 14,440 1! Arbuckle 3,340 2) Dolomite 
Pawnee Rock E., 17-20- : 
TOWis catisae cc soeeree Noy. 1941 80 1,620 1,620 1} Arbuckle 3,814 5) Dolomite 
Pospishel, 20-17-15W....| June 1939 80 3,500 15,500 : arbueee 3,548 9| Dolomite 
opeka : 
Prusa, 20-16-11W....... Dee. 1938 1,000 | 486,800] 903,300]. g4| Kans. KO. /3.480 | 7/ Limestone 
P 2) Reagan 3,310 1} Granite wash 
1) Shawnee 
Prusa NW., 18-16-11W..| May 1939 600 97,470 157,875) « 12}Lans. K.C. | 3,160 7| Limestone 
2 shud iat 
Prusa SE., 34-16-11W...| Apr. 1940 80 6,800 9,800 2| Arbuckle 3,394 5] Dolomite 
i mAQ-1LW sees ess- . 1936 400 55,070 256,470 7|Lans. K. C. | 3,106 18} Limestone 
eta Buse 2 Hb are 3,355 Fe qolomite 
10| Lans. K. C. | 2,955 imestone 
Silica, 12-20-11W....... Oct. 1931 32,000 | 7,062,900} 36,747,900 { aa Asbuckla 3'328 19| Dolomite 
___ Stickney, 29-16-13W....| Aug. 1941 120 | None None | 3| Arbuckle 3, 373 9! Dolomite 


“Lansing Kansas City. 
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TABLE 1.—(Continued) 


Production 2 
; 2 wo 
County, Field and Location | Discovery Area, Fe 
Date Acres Cumula- | 3.3 
In 1941 ti 3 Name 
ive g 
Be 
Straub, 36-18-11W...... July 1934 40 4,239} 1| Lans. K. © 
Trapp (see Russell 
County) 
Butler County ccc cess civ a vet 5,617,680 
Bronson 
Augusta N., 28-27-4E...| Jan. 1914 1,280 | 129,500] 13,443,352| 67 {te 
Arbuckle 
Bronson 
Augusta S., 21-28-4E. ...| Jan. 1916 9,000 | 311,000] 33,806,600] 152 \r 
Arbuckle 
Bausinger, 24-27-3E..... July 1929 200 8,640 5| Wilcox 
Benton, 10-26-3E....... Jan. 1925 80 3,000 2| Chat 
Blankenship, 2-26-8E....| Jan. 1921 1,200 70,000 88] Bartlesville 
Brandt, 15-28-75....... June 1936 300 | 216,150] 636,280} 42|Chat 
DeMoss, 5-28-7E....... Oct. 1924 500 | 140,000 21) { Bartlesville 
Douglass, 2-20-4B...... Jan. 1916 2,500 | 120,000 a ee 
Eckels, 7-27-7E......... Aug. 1940 120 18,680 
Elbing, 8-23-4B......... Aug. 1918 | 1,800 | 420,000 zal { Yan XC. 
Admire 
Lans. K. C 
El Dorado, 29-25-5E. .. .| Jan. 1917 25,000 | 3,028,900]179,899,180] 1,562) < Viola 
Simpson 
Arbuckle 
Ferrell, 28-28-8B........ Mar. 1939 180 | 46,450} 83,250] —_—8| Miss.t 
Fox Bush, 25-28-5B..... Jan. 1917 5,000 | 120,000 148| Bartlesville 
Garden, 32-26-6E....... Mar. 1928 1,600 54,000 31 secure 
Gelwich, 6-27-4B....... Apr. 1930 100 | 14.400 
Haverhill, (15-34)-27-5B.| Apr. 1927 800 | 169,000] 3,328,250 67 Bartlesville 
-27- Bartlesville 
Keighley, (14-33)-27-7E | Jan. 1925 1,800 | 63,600 3 Hunton 
101la 
Kramer, 4-28-6E........ Jan. 1936 500 40,400 17 | Wiis 
Arbuckle 
Leon, 19-27-6B......... Oct. 1926 500 | 26,400 21 {Ghat 
McCullough, 1-28-6E....| Feb, 1926 400 36,600} 393,889 Wilcox 
Potwin, 36-24-3E....... Jan. 1921 4,000 | 252,000 90 { oe n 
Shaffer, 4-27-6E........ June 1926 1,000 | 96,200 27 {Vila 
Seward, 14-27-7E....... 600 12,960} 959,560! 14] Bartlesville 
Smock-Sluss, 19-26-6E...} Mar. 1918 1,500 | 58,100 43 { Bartlesville 
iola 
ag igh 2- 

APCD NIE A 930 160 3,800 1| Miss. 
Steinhoff, 21-29-6B...... Jan, 1926 160 4,180 3] Chat 
Stern, 27-27-6E......... Jan, 1928 700 | 95,400 20 [Wiel 
Weaver, 1-28-5E........ Jan. 1929 400 5,000 5| Bartlesville 
Young, 27-26-7E........ 1919 900 | 72,000 31 os 

Clark County iin Soci Sack oes 

oy Sern, 17-32-21W....| Oct. 1936 160 | 12,150} 124,700} ~—2! Viola 
(cee eae ro) acs] | (Ba 

‘owley County.............. 2,716,960 

Baird, 16-34-8E......... 160 4,000 2) Bartlesville 
Baird E., 15-34-38...... July 1940 40 3,000 4,950| 1] Bartlesville 
Biddle, 12-32-4B........ 600 | 35,000 22 { Gialnakor 
Brown, 13-31-7E........ Sept. 1922 40 2 £200 202,900 : 
Bruce, 9-30-4E......... Aug. 1941 40 690 1| Burbank 
Burden, 22-31-68... .... Jan. 1926 1,200 49,300 32| Bartlesville 
Carson, 19-32-3E....... Oct. 1924 400 | 62,900] 3,112,558] 16] { Layton 
Clarke, 6-31-4B......... Jan. 1914 180 | 10,000 4 Barents 
Clover, 17-31-7B........ Sept. 1940 40 4,350 1 


t Mississippi lime. 


Producing Horizon 


35] Limestone 


10 —— 
5| Dolomite 

Limestone 

Limestone 

10] Sandstone 


10| Limestone 
25] Limestone 
50] Sandstone 
30] Sandstone 


Limestone 
5| Chert 
8} Chert 


Sandstone 
5| Limestone 
50} Chert 


4| Limestone 


12) Sandstone 
6] Chert 


Sandstone 
15| Sandstone 
20} Sandstone 
10| Limestone 


Sandstone 
35] Sandstone 
Sandstone 
Dolomite 
Sandstone 
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Production ‘e Producing Horizon 
County, Field and Location | Discovery Area, = 2 ee 
Date Acres Gumnine Bs Py o 
In 1941 a 82 Name a iS a : Character 
5A om ee 
Couch, 18-30-5E........ May 1937 400 144,500 197,500 18} B bank 2,835 
Countryman, 4-33-7E.. 600 6,100 : sl Layton 950 | ° ae 
Dane 3e30-48 Reser -| June acer on eon 114,486 6] Arbuckle 3,286 1) Dolomite 
-80-4E........ ul 9 : : 
David $. 11-31-48, y 563,676] 24} Bartlesville | 2,935 40| Sandstone 
OTSA Dy Nest : 5] Bartlesville | 3,010 19] Sandston 
: Jan. 1934 200 11,350 91,850 { Al Acbunkls 3'463 3 Dolomite. 
Deichman, 24-31-4E.....| Dec. 1941 40 | None None 1} Bartlesville | 2,835 1| Sandstone 
Dexter, 24-33-6E....... Jan. 1903 1,200 1,600 1) Miss. 2,750 Limestone 
Dunbar, 29-80-5E....... Sept. 1938 40 720 6,820 1] Bronson 2,229 36| Limestone 
Eastman, 31-30-6E...... Jan, 1924 1,200 46,800] 2,379,124) 33] Bartlesville | 2,770 | 100} Sandstone 
Falls City, 17-35-7E..... Jan. 1916 600 19,100] 1,183,076 8} Stalnaker 2,000 Sandstone 
Ferguson W., 21-30-8E. .| Oct. 1934 200 10,130 10] Bronson 2,181 5} Limestone 
Frog Hollow, 20-32-5E.. .| Jan. 1937 900 232,000 697,056] 36] Bartlesville | 3,089 8} Sandstone 
Frog Hollow E., 15-31-5E Apr. 1941 120 5,540 5,540 3| Bartlesville | 3,060 8} Sandstone 
Geuda Springs, 8-34-3E. .| May 1936 600 | 31,000] 219,950] { 7) Bartlesville |. oy panictons 
Gibson, 29-84-8H....... Feb, 1941 200 15,330 15,330 5 pees 3.360 14} Sandstone 
ie ayton 2,550 
Graham, 9. ae ar, June 1924 800 24,800} 2,491,340 9 enn 3'500 Delomite 
Grand Summit, 10-31-8E | July 21, 1926 600 19,600 13] Bronson 1,913 19] Limestone 
Hanna, 4-30-8H......... Dec. 19386 80 2,100 5,190 2 
. Stalnaker | 2,400 
Hittle, 21-31-4H........ Jan. 1926 2,400 833,000} 3,199,300 73 Varta 3/280 8] Dolomite 
Hower, 32-33-38E........ Dee. 1935 80 17,474 2 
Mahannah, 6-30-8E..... 1918 80 2,500 36,920 2| Burgess 2,730 Conglomerate 
Murphy, 8-35-3H....... Jan. 1933 600 25,70 12} Chat 3,300 hert 
Olsen, 1-35-7E Apr. 1921 300 3,800 4| Ft. Scott 2,400 Limestone 
Rahn, 13-34-5E......... Oct. 1939 40 8,100 16,230 1| Bartlesville | 2,915 30| Sandstone 
Rainbow Bend, 20-33-3E | Dec. 1923 2,000 327,900] 13,828,546] 115) Burgess 3,200 50| Sandstone 
Reidy, S1St SH ees 160 3,000 3| Bronson 1,950 10| Limestone 
Rock, 15-30-4E......... Jan. 1923 500 57,800} 1,516,800} 27] Bartlesville | 2,760 45| Sandstone 
Rock West, 16-30-4E....| Oct. 1937 200 150,200 410,679 12| Bartlesville | 2,784 18] Sandstone 
Rock North, 3-30-4E. ...| Sept. 1937 200 14,350 65,023 5| Bartlesville | 2,807 21} Sandstone 
Smith, 1031-9... 0s. Jan. 1917 600 7,000 9 Baracerale oa Sotto 
ayton ,300 andstone 
State, 15-32-4E......... Jan. 1926 1,500 55,000 30 shuckia 3,500 Dolomite 
Trees, 19-30-4E......... Jan. 1934 300 24,000 10| Bartlesville | 2,975 25| Sandstone 
Turner, 30-32-6E....... June 1937 240 28,000 166,998 6| Layton 2,332 15| Sandstone 
Udall, 28-380-3H......... 40 2,900 50,460 if 
1 Pelnehe ig Y 
2| Lans 455 imestone 
Weathered, 28-31-3E....| July 1935 1,000 165,600) 2,057,400 9] Miss 3'065 Rh anectons 
24 ee pee 
andstone 
1,400 Sandstone 
Winfield, 36-32-4H...... Nov. 1914 96,900 Layton | 2,300 Sandstone 
pee paaeicne 
uckle olomite 
EUOC OUNEY he Bereycattee cisisiare c+ 302,364 : : 
Batesman, 24-28-11E....| July 1941 None ae ane ‘J pees 
Bush-Denton,3-30-9B. ..| 1921 36,500 cue Sars Gongleeerate 
Collyer, 25-30-10E...... Mar. 1924 8,000 1,518 10| Limestone 
Dory, 19-30-9H......... July 1921 1,900 ae : Limestone 
m2ston 
Dunkelberger, 27-29-10E | Sept. 1920 55,000 1970 | 39 Limestone 
Ferguson E., 23-30-8E. ..| 1921 emer sieves 
1,270 14 Limestone 
Key, 26-31-10E.........| 1928 1,624 peeecae 
. fy) e 
Mills, 23-30-10E........ Apr. 1927 2,085 | 10| Limestone 
1,150 Sandstone 
Moline, 8-31-10E....... Dec. 1927 1/980 Tamestone 
2 1,686 14| Limest 
Oliver, 35-31-10E....... Apr. 1926 1 hee. Delawite: 
8 2,045 10) Limest: 
Porter, 12-29-8B........ Mar. 1923 3 ; 4| Dolomite. 
PoTeIOH eee 1 1,524 13} Limestone 
Bae i310... July 1937 2 2,300 | 22| Limestone 
Severy, 16-28-11E...... Mar. 1922 | pune ie oe 
Walker, 5-31-10E.. July 1927 5 15| Limestone 
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Production a Producing Horizon 
o 
e: : : Discovery Area, EE > ? 
County, Field and Location Date fees! pape gs ont g J 
In 1941 tive E z Name e - e 4 Character 
zi She Se 
Encill. 110 Sandstone : 
Webb, 28-31-10E....... Oct. 1924 3,600 | 102,000 92 tae 1300 Eade ; 
Arbuckle 2 286 Dolomite 
Youngmeyer, 25-28-8E..| Aug. 1941 80 4,564 4,564 2) Arbuckle 2,913 4| Dolomite 
Ellis County... 8,740,076} 25,575,545 ; 
Bemis-Shutts, 16-11-17W| Oct. 1935 12,000 | 4,238,000] 15,944,700] 425] Arbuckle 3,380 2) Dolomite 
Bemis South, 2-12-17W. .| Dec. 1938 40 8,700 25,810 1| Arbuckle 3,592 11| Dolomite 
f 3| Topeka 3,030 Limestone 
Blue Hill, 14-12-16W.....| Aug. 1937 700 | 194,960 374,ano|4 §4) Lane KC. 18,073 | 38) Seo 
2) Arbuckle : 3,360 25} Dolomite 
Burnett, 1-11-18W...... Sept. 1937 5,000 | 3,347,500| 5,446,000 { 903 ermine, einen! omit 
Catherine, 3-13-17W....| June 1936 160 11,100 123,700 2|Lans. K.C. | 3,262 88 Limestone 
Emmeram, 4-13-16W....| June 1937 160 18,400 64,512 4|Lans. K.C. | 3,260 7| Limestone 
Hadley, 20-11-17W Aug. 1929 40 172 58,562 1} Lans. K. C. | 3,428 12| Limestone 
Haller, 10-11-18W...... July 1936 40 600 13,860 1| Topeka 3,036 9| Limestone 
Herzog, 30-13-16W...... June 1940 120 41,400 48,140 3| Arbuckle 3,450 8} Dolomite 
High pot, 28-12-16..... Feb. 1941 40 2,694 2,694 1| Arbuckle 3,620 6| Limestone 
Koblitz, 23-12-18W..... Feb. 1937 800 88,400 132,707 8| Arbuckle 3,694 4| Dolomite 
Kraus, 99-14-0W....... July 1936 100 6,500 58,900 2| Sooy 3,735 5| Conglomerate 
Marshall, 36-11-18W. . Nov. 1936 1,000 186,250 653,750 18} Arbuckle 3,638 12} Dolomite 
Penny Wahn, 13-15-20W Sept. 1936 40 8,200 34,100 1} Sooy 3,653 3} Conglomerate 
Richards, 5- 11-18W wis Jan. 1938 120 14,250 81,150 2|Lans. K. C. | 3,332 41| Limestone 
Ruder, 17-15-18W...... Aug. 1935 700 60,350 692,950} 12}Lans.K.C. |3,422 18| Limestone 
2| Arbuckle 3,572 10] Dolomite 
Solomon, 28-11-19W....| June 1936 160 30,400 78,800 3} Arbuckle 3,629 3| Dolomite 
Sugar Loaf, 17-13-17W.. Mar. 1941 80 10,325 10,325 2} Arbuckle 3,645 9) Dolomite 
Sugar Loaf SE., 28-13- . 
LT Wika a cetera rcisy sinners Sept. 1941 40 2,935 2,935 1|/Lans. K.C. | 3,312 8| Limestone 
Toulon, 3-14-17W....... Dec. 1935 200 26,050 173,900 4] Lans. K.C. | 3,298 5| Limestone 
1) Arbuckle 3,512 48) Dolomite 
Ubert, 12-13-18W....... Nov. 1936 160 31,550 155,050 5| Arbuckle 3,707 Dolomite 
Walter, 2-12-18W....... May 1936 1,400 411,350) 1,398,550 1| Topeka 3,160 5| Limestone 
41) Arbuckle 3,619 Dolomite 
Ellsworth County............ 3,214,400} 17,638,899 
Breford, 7-17-10W...... Sept. 1932 1,200 119,400} 1,259,950 8} Lans. K.C. | 3,140 12} Limestone 
: 20} Arbuckle 3,368 27| Dolomite 
Lorraine, 13-17-9W..... Nov. 1934 461,800} 8,288,950 30] Lans. K. C. | 3,060 140} Limestone 
59| Arbuckle 3,200 5| Dolomite 
Stoltenberg, 22-16-10W. .| June 1931 1,874,100} 6,607,222) 158) Arbuckle 3,333 14| Dolomite 
Stoltenberg SW., 20-16- 
MO Wire octane scott: July 1940 11,600 15,470 Arbuckle 
Willans, 13-17-10W..... Apr. 1934 747,500| 1,467,307 Arbuckle KI Dolomite 
Finney County.............- 
unn, 27-21-34W.......| June 1938 114,955 Miss. Limestone 
Graham County............. 
Gettysburgh, 7-8-23W...| Sept. 1941 Lans. K. C. Limestone 
Morel, 15-9-21W........ Apr. 1938 Arbuckle Dolomite 
Penokee, 11-8-24W...... ov. 1940 40 Lans. K. C. Limestone 
Or eer io Sines, 639-1018. Jan. 1 165 
yeo-Pixlee, 6-22-10E. .| Jan, 1923 Bartlesville n 
Baume aor on 
ackwell, -13E....] Jan. 1923 Miss, Lim 
Brinegnr, 82-20-3138 ...0./ He oe 
owning, -10E..... an. 192 Bartlesville Sandstone 
Burkett, 13-23-10E..... Jan, 1924 Bartlesville | 2 Sandstone 
Christy, 36-24-12E...... 8} Bartlesville Sandstone 
Ur orl eh Sal eteby 
RBCS Recon .| Jan. 192 Bartlesville Sandstone 
Dunaway, 4-22-18H..... Miss. Limestone 
Eureka, 35-25-10B...... Jan. 1920 Miss. Limestone 
Fankhouser, 32-21-12E. .| Jan. 1926 0 Bartlesville Sandstone 
Gaffney, 6-24-11E...... Aug. 1926 245,500 
Hamilton, 26-23-11B....| Jan. 1929 000 Bartlesville Sandstone 
Hinchman, 17-24-135. . 0 Miss. Limestone 
Senna Saat os ; 12,500 
amont, 5-22-12E....... Bartlesville Sandstone 
Madison, 1-22-11E..... Bartlesville Sandstone 
Polhamus, 27-24-9E Bartlesville Sandstone 
Quincy, 18-25-14. ..... Bartlesville Sandstone 
Reece, 21-26-9E........ Miss. Limestone 
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Production 2s Producing Horizon 
=a 
. o 
County, Field and Location | Discovery Area, ee? a 
Date Acres Cumulae eis a 3 
In 1941 tiga 33 Name eS e = _ Character 
Ba ch (ee 
Sallyards, 17-25-9H..... Jan. 1921 8,000 | 125,000 i 
Scott, 19-23-9,........ Jan. 1925 2,500 | 105,000 a Bartloovill 2505 3 Spee 
Seeley-Wick, 22-22-11E. .| Jan. 1922 7,000 345,000 329] Bartlesville | 1,930 45] Sandstone 
Smith-Jobe, 10-24-13E. .| Sept. 1938 40 1,600 1} Miss. 1,662 3} Limestone 
Teeter, 36-22-98........ ie 1922 4,000 241,000 197| Bartlesville | 2/400 | 150] Sandstone 
Teichgraber, 2-25-8E. . 900 18,500 21) Bartlesville 21450 Sandstone 
Thrall, 28-28-10E....... 1921 7,000 270, 000 278 Eseries 2,190 166] Sandstone 
a artlesville | 1,550 Sandstone 
Virgil, 13-24-12E....... Jan. 1916 4,800 108,000 104| + Burgess iron 10] + Conglomerate 
iss. 1,700 Limestone 
Virgil N., 3-23-13E...... 8,000 | 414,000 Boal Bardeeriou #958 popes 
Wiggins, 7-24-11B...... Jan. 1925 2,500 44,000 45| Bartlesville 1,860 15 Sandstone 
es, ae rather vee ie 4 Bartlesville |2,300 Sandstone 
Harvey County.............. ‘ 687,600] 20,417,311 
Halstead, 36-22-2W..... Apr. 1929 1,200 115,150} 1 291, 850) 20} Chat 3,005 30} Chert 
ie Ke: nei a eee 
‘ a 19 1 ert 
Hollow-Nikkel, 30-22-3W| Dec. 1931 1,500 523,100} 18,784,807)  86| « Hunton 3,507 2| Limestone 
Simpson 3,500 14| Sandstone 
eee ey 
; 99! unton 3,279 66] Limestone 
3 ee 22-2W...... Jan. 1935 500 49,350 340,654 8 Meer 3,447 16] Sandstone 
COTNYCOUNEY... 5 v0.0. -ss0 
= eae. ..| Aug. 1941 80 8,127 8,127 2) Patterson 4,748 4| Sandstone 
ingman County............ 
Cunningham, 30-27-10W | Jan. 1931 B00 812,700). 2,718,708) 4.774) wen RC S00 | aie | mene 
me Marion County. .......- <0. 1,019,000 , 
Covert-Sellers, 1-21-4E..| Sept. 1920 2,400 56,000 16] Viola 2,330 5| Limestone 
Florence, 20-21-5E...... Dec. 1929 3,000 33,200 18) Viola 2,300 10} Limestone 
Hillsboro, 12-19-2E..... Oct. 1927 300 60,400} 1,821,484 10] Viola 2,800 Limestone 
Lost Springs, 22-17-4E.. .| Sept. 1926 2,400 840,00 116) Chat 2,365 Chert 
Peabody, 5-22-4E....... Sept. 1929 3,000 29,400 26) Viola 2,532 Limestone 
McPherson County.......... 4,228,160) 72,593,311 
Bitikofer, 1-20-1W...... May 1940 80 7,200 8,360 2) Chat 2,911 24) Chert 
Bornholdt, 30-20-5W....| Aug. 1937 2,600 701,100} 2,608,500} 150) Chat 3,292 43) Chert 
Canton North, 28-18-1W | July 1936 80 10,200 68,468 ; eet re Fae 29 pee 
. ans. imestone 
Chindberg, 18-19-2W....| Jan. 1929 700 84,950) 1,308,310 | 25| Chat 3,007 Chert 
j 91 Nice 3323 | 3| Seniet 
isener 3) andstone 
Graber, 32-21-1W....... May 1934 2,800 964,650) 6,005,028 130 Hunton 3274 24 Limestone 
impson 398 andstone 
Henne, 21-17-1W....... Nov. 1940 280 26,500 27,320 7| Chat 2,658 4| Chert 
Johnson, 35-19-3W...... Feb. 1932 1,200 79,700) 2,627,865 16 Chat 3,032 14| Chert 
Lindsborg, 8-17-3W..... Jan. 1938 160 18,300 65,632 3 ee Aye si Zs taesone 
ans. i imestone 
McPherson, 29-18-2W. ..| Sept. 1926 2,000 57,150 924,735) 29 Chat 2,967 11] Chert 
: Viola 3,140 6| Limestone 
bare: K.C ane s eee 
Ritz-Canton, 1-20-2W...| July 1929 13,000 | 1,355,200] 34,905,573] 248|4 Chat ai Ale easae 
> genes wees ; pesartoee 
Roxbury, 18-17-1W..... Nov. 1938 500 | 332,505 511,252 at 2,68. er 
ay , Chat 3,095 | 15 Chert 
i 1 i 0 
Voshell, 9-21-3W....... Aug. 1929 3,500 | 590,400] 23,532,268] 102 poem Jae | 8 Sandstone 
i Arbuckle 3,394 10| Dolomite 
peices County co... 2. wens Ft. Scott 4,378 21| Limestone 
Aaeiok, 7-18-25W...... Oct. 1929 2,000 115,300 355,656 13 | Miss 4.428 9| Limestone 
_ Norton County..........-.-- ; 
‘ Hewitt, my iow ese July 1941 40 3,707 3,707 1| Lans. K.C. | 3,404 3| Limestone 
Pawnee County. .......-.... ; 
Pawnee Taek, 13-20-16W| Sept. 1936 2,400 178,000 311,162} 25) Arbuckle 3,825 16] Dolomite 
Phillips County...........-- 200,836 219,761 : 
ow Creek, 25-5-18W...| May 1939 40 6,550 17,475 1] Lans. K. C. {3,111 53] Limestone 
Dayton, 36-2-19W.... .| June 1941 120 7,086 7,086 2) Lans. K.C. | 3,480 8} Limestone 
Ray, 32-5-20W hie aa ones, Aug. 1940 1,200 | 187,200 aes 29| Lamotte 3,540 13] Sandstone 
q Sa Ricks etc OE overs 86 950 : , ; 
Mey tine Tosi. eee Dec. 1939 160 30, "650 40,118 4) Viola 4,267 16| Limestone 
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Production 2 Producing Horizon 
o 
. to - 
County, Field and Location ce tte A ie km ee BS g 
In 1941 Sapa: 23 Name ee, a 4 Character 
ae em IE 
Tuka, 11-27-13W........ Aug. 1937 640 | 56,300] 134,508]{ $)Simpeon 14207 | 15] Dolomite 
Rend County, series cscn ewes 3,237,603} 38,400,996 : 
Abbyville, 24-24-8W....| Jan. 1927 1,200 35,750 408,628 8 —_ K. C. peed . oe 
Buhler, 25-22-5W....... Apr. 1938 500} 67,000} 364,959 { : Seetnapal 3'897 5| Bandetnae 
336 3,266 | 42] Chert 
Burrton, 23-23-4W...... Feb, 1931 5,000 | 2,523,700] 33,093,107 65 Hunton 3,588 6 Tina 
uckle é olo: 
Friendship, 30-25-4W ...| Nov. 1941 40 1,240 1,240 1 Viola 1981 5 Limestone 
Hilger, 16-26-4W....... Mar. 1934 600 | 274,100) 2,037,559 = — i ae : janes 
ns. K. C, 9 mestone 
Lerado, 11-26-9W....... Dee. 1935 1,800 | 257,800] 2,348,470 { 39| Viola 4128 | 28| Limestone 
Peace Creek, 21-23-10W.| July 1941 1,000 73,216 73,216| 23} Viola 3,773 3} Limestone 
Peace Creek NE., 11-23- ; , 

LOW Se ee roe at cans Dec. 1941 120 1,347 1,347 3} Viola 3,757 3| Limestone 
Yoder, 34-24-5W....... Oct. 1935 500 3,450 72,470 5 Chat 3,450 51 Chert 
Schweizer, 31-22-9W....| Dec. 1941 40 | None None 1} Viola 3,720 5| Limestone 

Rice: County a2 8 coe ars eee 7,686,178) 58,810,408 
Bornholdt W.,36-20-6W.| Nov. 1941 40 423 423 1| Chat 3,330 - mel 
Bowman, 21-19-10W. ...| July 1936 160 airot| {1 Tee [Se ee 
Brandenstein, 10-19-10W | Nov. 1933 160 14,300} 374,251 2|Lans. K.C. | 3,014 12) Limestone 
Bredfeldt W., 12-18-10W | Dec. 1939 80 10,325 24,325 2) Arbuckle 3,260 8 ie 
Campbell, 28-19-9W.. ..| Jan, 1938 soo | 238,800| 932,150] { 93/hans C1) 3.195 | 13] { Huesone 
11 KC. | 2,942 12) Limestone 
Chase, 32-19-9W. wee e eee Mar. 1931 5,200 2,030,050 22,412,741 1 048 Arbuckle 3,246 38 Dolomite 
Doran, 13-19-10W...... Sept. 1936 250 28,600 134,514 5| Arbuckle 3,291 20| Dolomite 
Edwards, 3-18-8W...... Jan. 1936 2,600 838,100} 2,960,598 7 Arbuckle Poth pe pa eee 
impson . ndstone 
Geneseo, 25-18-8W...... May 1934 5,600 | 1,938,100} 7,028,200 {sot pena 3.231 40| Dolomite 
Guldner, 16-18-9W.......| July 1935 160 | 10,900] 247,689] 2} { hans. KC. / 3,884 | 41) Kimestone 
Haferman, 6-19-9W..... June 1936 800 82,050 500,888 10| Arbuckle 3,192 24 pas 
Heinz, 8-18-10W........ July 1938 80 | 13,050; 39,552 { 1 ene dO | geoe pedal Delete 
Karber, 7-19-10W....... Oct. 1940 120 21,200 27,480 3| Arbuckle 3,343 7| Dolomite 
Keesling, 10-20-9W...... Apr. 1985 1,200 420,400} 3,033,161] 65) Arbuckle 3,239 26) Dolomite 
Lyons, 14-20-8W........ Nov. 1939 40 3,250 10,237 1| Simpson 3,280 4| Dolomite 
Midway, 8-20-9W....... Apr. 1939 500 66,000 151,089 us hina 3,244 19] Dolomite 
whee 
Orth, 27-18-10W........| July 1932 1,000 133,100 770,962 a oar 3340 5 roan g 
ambrian juar’ 
Ploog, 33-18-9W........ June 1930 300 74,600} 1,241,370) 10) Arbuckle 3,252 19} Dolomite 
Ponce, 28-21-7W........ Apr. 19386 40 3,950 29,337 1| Sooy 3,388 40| Conglomerate 
Raymond, 21-20-10W...| June 1929 | 1,200 | 464,050] 6,255,903] { 29|Kans. KC. |8.180 | 10) Bimestone 
Rickard, 22-18-9W...... Oct. 1985 160 14,600 65,760 4) Arbuckle 3,324 41| Dolomite 
Welch, 2-21-6W........ Apr. 1924 1,500 93,200) 4,293,850} 24) Chat 3,370 44) Chert 
Welch E., 1-21-6W...... Oct. 1941 40 | None None 1| Chat 3,341 5| Chert 
Welch N., 23-20-6W....| June 1937 100 7,330 44,961 3} Chat 3,334 32] Chert 
Wenke, 7-20-10W....... Mar. 1935 400 85,700 341,722} 11) Arbuckle 3,360 13] Dolomite 
Wenke West, 18-20-10W.| Oct. 1938 80 14,650 44,566 2) Arbuckle 3,292 5| Dolomite 
Wherry, 11-21-7W...... Sept. 1933 7,200 | 1,053,900] 7,726,461) 199] Sooy 3,358 22| Conglomerate 
Wherry East, 12-21-7W..| Sept. 1937 160 25,550) 96,4 3| Sooy 3,455 14| Conglomerate 
Rooks County............... 686,867} 1,869,942 | Lene. KC ous slinsete 
. ns. i ( imestone 
Dopita, 31-8-17W....... Apr. 1934 160 51,450 157,270 { 4| Arbuckle 3,409 10| Dolomite 
Erway, 2-10-16W....... Aug. 1941 40 2,717 2,717 1\Lans. K.C. | 3,136 40| Limestone 
Faubin, 12-6-18W.. .| Feb. 1986 80 4,300 42,200 2|Lans. K.C. | 3,128 22| Limestone 
Kruse, 3-10-16W Jan. 1928 40 500 10,900 1) Lans. K.C. | 3,115 6| Limestone 
Laton, 11-9-16W July 1927 1,000 521,850} 1,098,996] 71|Lans.K.C. [3,228 33] Limestone 
Ray SE., 9-6-20W. Dee. 1941 40 | None one 1| Reagan 3,615 5| Sandstone 
Webster, 21-8-19W Oct. 1930 40 10,500 50,247 1| Arbuckle 3,434 1) Dolomite 
Westhusin, 11-9-17W Nov. 1936 400 83,750 394,563 12] Lans. K.C. | 3,231 11] Limestone 
Zurich, 26-10-19W. Sept. 1934 200 1,800 118,049 2|Lans. K.C. | 3,340 9| Limestone 
Rush County........ 160,300} 1,602,826 
Otis, 10-18-16W , ..| July 1934 800 158,500} 1,555,397| 22) Lamotte 3,527 9) Sandstone 
Winget, 15-16-16W. . ...| Dec. 1936 go| 2,800) 47,420] fo ane A eee |) a nee 
Russell County..........06.. ‘ |15,705,665] 84,149,972 A ; 
Atherton, 30-13-14W....| July 1935 1,800 | 223,150] 1,098,064 { a pers crea eg — 
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Production 3 Producing Horizon 
County, Field and Location | Discovery Area, | — = 2 ge 
Date Acres Giclee gs & & 
Tn 1941 tise 28 Name (ay a : Character 
Ze cm ee 
’ 10) Lans. K. C. i j 
Big Creck, 36-14-15W...| July 1935 | 2,000 | 405,300] 1,890,288]  40|Gorkam ~~ |3'152 | “5| Sandstone 
; 16) Arbuckle 3,171 5| Dolomite 
Big Creek E.,31-14-14W. | July 1938 200 | 128,400] 208,047/$ 3 roe He EL OM bee re nition 
Lad ata aD ae Bs 160 11,950 138,470 3 fare C. 31147 i beeen 
Davi dson NE, 3415. ct. 160 5,650 70,262 4|Lans. K.C. | 2,965 16] Limestone 
Ps Sochagenen enone Dec. 1940 80 10,042 10,042 2|G 
Dillner, 35-13-15W...... May 1930 40 45,952| 1 Ante 37300 3 Dolan 
Donovan, 10-15-15W....| Feb. 1935 120 17,850 50,226 3| Lans. K, C. 3193 7| Limestone 
Driscoll, 30-15-11W..... June 1940 80 11,450 15,450 1| Sooy 3,323 3} Conglomerate 
; peeen 3,255 5| Dolomite 
Dubuque, 34-15-12W....| Oct. 1935 200 34,200 179,877 4 aye kde 3,2 Dolomi 
Eichman, 34-15-13W....| May 1935 800 32,950 648,965 9 ‘Arbuckle 3316 i Demis 
Fairfield, 22-15-13W . . ..| Dec. 1938 40 2,100 8,181 1] Arbuckle 3,352 5| Dolomite 
Fairfield N., 16-15-13W..| Jan. 1939 400 84,600] 173818] | Lans. K. 0. [3,112 5| Limestone 
8} Arbuckle 3,232 4) Dolomite 
Fairport, 8-12-15W..... Nov. 1923 3,600 | 573,100] 15,015,974] 147| { Hans. K.C. )2,950 | 12) Limestone 
; a Gorham 3,211 5} Sandstone 
Forest Hill, 29-15-12W. .| July 1941 160 8,296 8,296 4) Arbuckle 3,320 3} Dolomite 
Gideon, 8-15-14W....... June 1930 40 40,500 1} Sooy 266 7| Conglomerate 
is ae Bae 25 paaene 
765 15| Limest 
Gorham, 5-14-15W...... Oct. 1926 7,800 | 2,426,100) 19,460,548] < 140 lence C. 3,027 30 Tinton 
2) Arbuckle 3,289 4| Dolomite 
i Lamotte Sai : fen ane 
Greenvale, 4-15-12W....| Apr. 1938 1,600 376,600 aun ‘ Silt 
. a 22) Arbuckl 3,267 21} Dolomit 
Gustason, 14-15-12W....| July 1941 80 2,334 2,334 2 ‘Arbuokte 3,344 1 Dolomite 
2| Wabaunsee Sandstone 
398 Lone k Cc 288 15 eee 
ans. p imest 
Hall-Gurney, 30-14-13W | Oct. 1931 19,000 | 3,535,350) 9,516,698]< 24) Gorham 2,965 4 Sandstans 
; 8| Arbuckle 3,451 3] Dolomite 
- ee we ee pauastane 4 
3 : te 
Karst, 27-15-14W....... Oct. 1935 160 25,300 198,250 3 ‘Areuckle ee 15 4 Dolotuite: sa 
Lewis, 28-14-12W....... Sept. 1940 40 5,580 7,150 1| Wabaunsee | 2,317 12| Limestone 
Mahoney, 8-14-12W..... June 1940 120 22,100 24,400 3] Lans. K. C. | 2,977 3| Limestone 
Mohl, 18-14-18W....... Oct. 1941 40 | None None 1 paris 8,253 5| Sandstone 
% 2| Lans, K. 
Neidenthal, 23-14-15W. .| Aug. 1934 600 | 38,600) 880,748] { i/Arboce |ga40 | 4 Dolomite 
¢ ans. K. 4 2| Limestone 
Rusch, 29-14-14W...... June 1941 240 30,663 30,663 { 4 Arbuckle | 3.216 8 Dolomite 
13. ans. K. C. ’ imestone 
Russell, 22-13-14W...... Feb. 1934 1,200 | 427,500] 4,810,746 | a7 Arbuckle 3,280 eliDatomits 
jwnee 
Sellens, 26-15-13W...... July 1929 1,200 217,650} 2,578,623 1 8} Lans. K. C. 3,088 19| Limestone 
: 17| Arbucsle 3,352 13| Dolomite 
Steinert, 21-15-15W..... Mar. 1936 40 3,350 39,092 : ony K.C. |3,060 36| Limestone 
ge 
1| Topeka 2,889 7| Limestone 
Trapp, 23-15-14W...... Oct. 1939 28,600 | 7,126,000) 25,461,806 ie fo K.C. | 3,062 2 pisip tone 
00: onglomerate 
677) Arbuckle 8,252 3} Dolomite 
Trapp W., 15-15-14W...| July 1939 500 58,300 95,213 12! Arbuckle 3,249 7| Dolomite 
24| Lans. K.C. | 3,004 30] Limestone 
Vaughn, 17-14-14W..... Apr. 1937 1,000 236,500} 1,007,871 1} Gorham 3,282 7| Sandstone 
bet 4) Arbuckle Dolomite 
Williamson, 9-14-14W...| Feb. 1936 160 6,300 52,823 2| Tarkio 2,522 28] Limestone 
ISCO COWMY  oascis ass ay «ei > 
Shallow Water, 15-20- ; 
Ba Wheiloieise Aate ls oe ores Dec. 1934 600 137,150) 1,039,612 9} Miss. 4,670 16| Limestone 
Sedgwick County............ 1,106,670} 43,691,046 
Cross, 29-25-1W........ Apr. 1929 160 3,000 73,000 2|Lans. K.C. | 2,690 40| Limestone 
Eastborough, 19-29-2E. .| Aug. 1929 1,000 | 187,000] 8,058,700] 45] { Vat bie Le 
Eastborough N., 8-27-2E | Aug. 1938 80 1,400 4,400 1| Viola 3,258 4| Limestone 
Lans. K. C. | 2,614 2| Limestone 
Goodrich, 16-25-1E..... Dee. 1928 640 | 259,700} 2,910,600} 35] < Chat 3,010 10} Chert 
Misener 3,334 3] Limestone 


ee ee ee ee 
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TABLE 1.—(Continued) 


Production F Producing Horizon 
County, Field and Location | Discovery | Area, Cornain ce a Z | 
ounty, Field and Locatio Date Nepos ah In 1041 ya 4 3 Name ie 3 4. Character 
Zz a 6 
i Chat 2,885 3] Chert 
Greenwich, 14-26-2E....| May 1929 700 250,000} 9,307,160 42 1 Hr 5 = 
Kuske, 24-25-1E........ Jan. 1929 40 2,250 139,690 ooy 3,489 2| Conglomerate 
Oatville, 18-28-1E...... Nov. 1937 80 1,420 11,590 1; Simpson 3,489 2 ane 
Robbins, 20-28-1E...... June 1929 420 81,150} 2,959,547 52 vere EC ys AS — 
Valley Center, 1-26-1W. .| Aug. 1928 1,500 320,750) 20,226,359; 66 } Mao ted 4 — 
d County......2...05. 5,454,693] 15,510,599 ; f 
ST norte 59-18W for aoe June 1941 40 5,91 5,917 1| Arbuckle 3,748 4 Dolomite 
Bedford, 21-23-12W.... . Aug. 1940 640 174,100 181,929 17| Arbuckle 3,839 9| Dolomite 
Drach, 12-22-13W...... Nov. 1937 900 96,000 307,178 12| Arbuckle 3,693 12| Dolomite 
Fischer, 31-21-12W..... May 1938 120 37,250 111,914 3| Arbuckle 3,641 7| Dolomite 
Gates, 27-21-13......... May 1933 640 109,800 688,918 11| Arbuckle 3,679 39 Dolomite 
Jordan, 15-25-14W......| Nov. 1936 260 96,550 260,377 7| Lans. K.C. | 3,722 5| Limestone 
Kipp, 27-25-14W.......| Jan. 1937 220 63,800 145,000 7| Lans. K.C. | 3,827 79| Limestone 
Leesburgh, 12-25-13W...| Apr. 1938 360 136,550 287,382 9| Arbuckle 4,153 10 Dolomite 
Macksville, 3-24-15W ...| Mar. 1941 80 15,406 15,406 2 —_ - a sen - ——_ 
Max, 35-21-12W........ Aug. 1938 200 | 72,000] 123,493] { 3} haps 1305 | 15| Dolomite 
Mueller, 29-21-12....... Mar. 1988 80 10,200 97,870 2| Arbuckle 3,594 7 Dolomite 
Rattlesnake, 13-24-14W .| Oct. 1938 40 10,450 30,148 1|Lans. K.C. | 3,608 48} Limestone 
Richardson, 36-22-12W..| Oct. 1930 1,200 535,500} 4,399,066 60| Arbuckle 3,537 62 Dolomite 
Riley, 28-23-11W....... Aug. 1940 40 9,770 11,961 i —= _ x — : ee 
ans. K. C. : S' 
Shaeffer, 3-21-13W...... Mar. 1941 250 49,540 49,540 { 1 Arbuckle | 31546 ! Dolomite 
»K.C. 13,588 imesto! 
St. John, 23-24-13W....| Apr. 1935 1,200 | 252,200] 955,868) 1] haps nO 358 | Dolomite 
Sittner, 33-21-12........ Aug. 1937 600 | 41,100} 180,822 { | Receatregee 3 a0) aps Paice 
Sittner S., 3-22-12W..... May 1938 500 208,650 360,475 - Arbuckle eee i hate: sbe, 
K : imestone 
Snider, 3-21-11W....... Apr. 1936 320 27,500 198,270 : Peer ert is —— 
uuckle olomite 
Snider §., 16-21-11W....| Aug. 1938 360 | ~ 70,400] 131,149] |. B)Fimpeot se eee 
18} Viola 3,836 14| Limestone 
Stafford, 15-24-12W.....| Aug. 1940 600 | 187,350} 206,250 { i] Arbuckle /8'045 | 10] Belem 
is isener ‘ ndstone 
Zenith, 23-24-11W...... Sept. 1937 5,000 | 3,244,640) 6,761,726) 301 {vi als 3/860 Bt tnesvons 
Sumner County............- 1,003,380} 42,501,517 : 
Anness, 2-30-4E........ Oct. 1937 40 7,600 44,298 1| Simpson 4,394 7| Sandstone 
Caldwell, 17-35-3W..... May 1929 160 66,000} 1,338,950 4| Simpson 4,765 19} Sandstone 
Churchill, 25-31-2E..... July 1926 1,000 154,400) 18,475,957 62) Stalnaker 1,820 25 Sandstone 
Latta, 9-30-2W......... June 1927 300 84,000 182,232 : —, ‘ C. Hie 7 Lenessee 
naker i andstone 
Oxford, 23-32-2E....... Aug. 1927 800 206,700) 14,489,875 a reba? mins uf Pepe 
uckle 3 olomite 
Oxford W., 17-32-2E....| May 1926 160 10,900 499,374 3| Arbuckle Dolomite 
panied re ater Oct. 1924 1,800 86,680} 1,929,338 . eek . 3,474 28 ea 
ow Ben wy 24- urban’ ne 
BBB cecal e Hic 160 | 4,100} 400,000] | >| ures Dolomite 
Rutter, 21-33-2E....... July 1926 40 11,400 57,841 2| Chat 8,315 27| Chert 
Vernon N., 15-35-2E....| July 1915 200 33,850 250,996 5| Chat 3,443 22) Chert 
Wellington, 33-31-1W...| Dec. 1929 1,200 331,600} 4,814,702 98] Chat 3,655 11) Chert 
Zyba, 7-80-1E.......... Nov. 1937 80 6,150 17,954 2| Simpson 3,866 3} Sandstone 
Trego Countyis. <0 sc.cuelew 45,050 447,773 ine 
Gugler, 36-12-21W...... Dec. 1936 40 1,950 20,278 1) Arbuckle 3,830 8} Dolomite 
Ogallah, 10-12-21W..... Nov. 1941 40 | None None 1| Arbuckle 3,992 5| Dolomite 
Wakeeney, 14-11-23W...| Oct. 1934 640 43,100 427,495 ¥ . KC. 18,619 8} Limestone 


Woodson County............ 
Big Sandy, 14-26-14E .. . 
Hoagland, 2-24-1418... . 
Wiede, 32-23-15E....... 


Winterscheid, 15-23-141, 


1926 800 
Mar, 1925 700 
Mar. 1922 400 


50] Sandstone 
37| Limestone 
10} Limestone 
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Kansas. Major companies and independent 


- operators shared alike in this regard, for 


the percentages were 76 per cent failures 
for the former and 74 per cent for the latter. 
In eastern Kansas comparable data indi- 
cate that the failures ran slightly higher, at 
77 per cent, the proportion for independ- 
ents and major companies being about the 


same as in western Kansas. 


\ 


Exploratory wells drilled at a distance of 
2 miles or more from any known pool or 
well are often referred to as “rank wild- 
cats.” Classified in this manner, 147 of all 
wildcats in western Kansas fall into this 
category. Of this number 24 were suc- 
cessful in uncovering new oil or gas re- 
serves. On a percentage basis, these figures 


indicate that only rg per cent of the rank 


wildcat wells were successful in opening up 
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new reserves. In eastern Kansas 37 wells 
can be classified as rank wildcats. Only two 
of these, or about 5 per cent, were success- 
ful. In summary, it appears that approxi- 
mately three out of four of all wildcat wells 
drilled in Kansas are likely to result in dry 
holes and that among the rank wildcats 
approximately five out of six will be 
failures. 


PRODUCTION 


Oil.—Kansas reached an all-time high 
production record during 10941. From 
21,838 wells approximately 82,500,000 bbl. 
of oil was produced. This represents an 
increase of nearly 18,000,000 bbl. over the 
previous year and of 13,000,000 bbl. over 
the previous record production in 1937. 
This notable increase was made possible 


TABLE 1.—(Continued) 


Production ef Producing Horizon 
oO 
County, Field and Location | Discovery | Area, cael g 
Date Acres Cumula- | 33 5 @ 
In 1941 rs Eb Name ce. |S .| Character 
Ba se Ae 
Gas Fimips 
M Cv. Fr.| M Cu. Fr. 
Barber County.....°......+-. 
Medicine Lodge, 13-33- 
3 Wiee costes ee eimees Jan. 1927 5,000 | 7,092,500) 51,205,580} 33} Chat 4,455 10} Chert 
‘Barton County........<..0 : : 
IDOKUS terior coe See Otis in 
Rush County , 
Bergtal, 22-20-15W..... Sept. 1941 160 1| Arbuckle 3,367 10} Dolomite 
Kruckenberg, 11-19-15W | Apr. 1941 160 1) Reagan 3,530 20] Sandstone 

Edwards County 
McCarty, 31-25-17W....| May 1929 400 12,611 1] Sooy 4,545 10} Conglomerate 

Harvey County...........++. 

Hollow-Nikkel.......... Dec. 1931 1,500 103,013 12} Chat 3,295 15] Chert 
Sperling, 23-22-2W...... Jan. 1935 600 34,956) 6,193,794 2) Chat 2,955 50| Chert 

McPherson County i often 4,175,090 

Pratt COUN Mike «s,s. lelesie tine . 

Cairo, 7-28-11W........ Nov. 1935 20,000 |17,995,846) 38,455,361 39] Viola 4,278 8| Limestone 
Stark, 18-26-11W....... Apr. 1941 160 1) Viola 4,121 2| Limestone 
Ward, 11-26-12W....... Dec. 1941 160 1| Viola 4,107 15} Limestone 

Teend County. ..c0c0ecce renee 
Burrton, 23-23-4W...... Sept. 1930 5,000 | 4,533,164] 46,131,128} 52) Chat 3,298 70) Chert 
Yoder, 34-24-5W....... Oct. 1936 80! 428,507 4} Chat 3,402 50} Chert 

Rice County : 

; i 10) Dolomit 
Lyons, 35-19-8W........ July 1888 1,500 | 2,422,392] 10,420,248] { 11] peer, | 377. | 101 Dolomite 
Orth, 27-18-10W........ July 1933 640 519,515 3} Lans. K.C. | 2,906 30] Limestone 

1) Thurber, 22-21-9W...... Oct. 1937 ‘400 | 3,358,303} 4,959,890 7| Misener 3,317 10| Conglomerate 
Rush County. ..-....00+---- 
: Otis, 11-18-16W........ Mar. 1930 15,000 | 8,988,337] 63,124,237| 60} Lamotte 3,507 2) Sandstone 

d County.......2.-+% ; 

eh ay a iM aise Oct. 1941 40 1| Maquoketa | 3,800 12| Dolomite 

Sumner County..........--- 

2 Wellington, 33-31-1W...| Dec. 1929 1,200 696,832 97| Chat 3,655 12| Chert 
aE aa at Winfield |2,755 | 10| Limestone 
pati 1922 2 million|36,410,275|258,501,075| 312] + Ft. Riley 2,800 8} Limestone 
po pease ane 4 JF Ris 2,850 10) Limestone 


eee ee ee ee 
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TABLE 2.—New Pools Discovered in 1941 


“se Initial 
County, Field and Location Operator and Fee ee Depth, Ft. | Month i oduc- 
ion 
Om 
Barber County j BARRELS ~ 
Skinner, 21-B1-14W...... cc cceecceseses Deep Rock No. 1 Skinner Viola 4,531-4,595 | Sept. 40 
é Sar: City, BB-BO-16 W csicn'sare e1e,stassvelareo 8 ale Pryor & Lockhart No. 1 Massey | Lans, K. C. | 4,344-4,355 | Dec. 3,000 
arton County 
Ataawortit NW., 28-16-18W............ Continental No. 1 Stosskopf Arbuckle 3,391-3,403 | Apr. 539 
Ainsworth W., 17213 Wa. eee Bartlett No. 1 Wondra Arbuckle 3,358-3,361 | Aug. 296 
Kowalsky, BO O01 LW eee eee pe Sinclair No. 1 Kowalsky Arbuckle 3,378-3,384 | Dec. 50 
Kraft-Prusa E., 36-16-11W.............. Lynn No. 1 Kraft Arbuckle 3,357-3,370 | Dec. 55 
Pawnee Rock E., 17-20-15W............ Helm. & Payne No. 1 Unruh Arbuckle 3,814-3,819 | Nov. 583 
Stickney, 29-16-13W...........se0ecees Mabee No. 1 Stosskopf Arbuckle 3,373-3,390 | Aug. 50 
Cowley County : 
Bruce; 9-BO-4EB Aso. cele siete s ccie oe oe Trees Oil No. 1 Bruce Burbank 3,315-3,320 | Aug. 691 
Deichman, 21-31-4E.........5......... Trees Oil No. 1 Deichman Bartlesville | 2,835-2,836 | Dec. 78 
Frog Hollow E., 15-31-5E............... Tulsa Oil No. 1 Miller Bartlesville | 3,060-3,068 | Apr. 302 
ot bist 2O-S4-SHSS We Tae cide ieee eee Sinclair No. 1 Gibson Burbank 3,360-3,377 | Feb. 90 
‘ounty 
Batesman, 24-28-11E..............20005 McPherson No. 1 “A” Batesman | Kans. City | 1,096-1,098 | July 15 
pe ital 26-28-BEi,. J strate aialels asaya Allison No. 1 Porter Arbuckle 2,913-2,919 | Aug. 25 
4s Coun 
High Spot, 28-12-16 W ec de acetiedt toe sen Stearn Drill No. 1 Witt Lans. K. C. | 3,620-3,626 | Feb. 680 
Sugarloaf, 17-18-17W..............2005- Derby No. 1 Miller Arbuckle 3,645-3,653 | Mar. 462 
Sugarloaf SE., 28-18-17W.............. Darby No. 1 “A’’ Dreiling Lans. K. C. | 3,312-3,320 | Sept. 352 
Graham County 
Gettysburg, 7-8-23W............0e.0005 Cities Service No. 1 Montgomery | Lans. K. C. | 3,725-3,755 | Sept. 70 
Kearny County 
Patterson, 23-22-38W........-.+2eeeeees Stanolind No. 1 Patterson Patterson 4,748-4,752 | Aug. 3,000 
Norton County’ 
Hewitt, 10-4221 W insacoseenrie aatowanwronie Phillips No. 1 Hewitt Lans. K. C. | 3,404-3,407 | July 272 
Phillips County 
rs Darton BG-2-1G WE. cot ons sa vemeee anny Carter No. 1 Freibus Lans. K. C. | 3,430-3,438 | June 328 
‘eno County 
Friendship, 30-25-4W..............-005 Rocket Drill No. 1 Soper Viola 3,981-3,986 | Nov. 497 
Hendrickson, 2-23-10W..............505 hee Drill No. 1 Hendrickson Viola 3,736-3,744 | Dec. 217 
Peace Creek, 21-23-10W.............0000 00, on Oil No. 1 Snowbarger Viola 3,773-3,776 | July 3,000 
Peace Creek NE., 11-23-10W............ maa Oil No. 1 Tonn Viola 3,757-3,760 | Dec. 3,000 
S rte SLOW ey chen. Hinkle No. 1 Schweizer Viola 3,720-3,725 | Dec. 
ice Coun 
Bornholdt Wiis S020" Wiaaecoccacceuste Westgate Greenland No. 1 Harder | Chat 3,330-3,370 | Nov. 45 
fe Bh ie ping [UAW sot Beyahce es Aladdin No, 1 Lackey Chat 331 3346 Oct. 278 
‘ooks County : 
Erway, 2-10-16W.........:..csceeeee-s Cities Service No. 1 Erway Lans. K. C. | 3,136-3,205 | Aug. 203 
Ray Southeast, 9-6-20W................ Derby No. 1 Steele Reagan 3600-8620 fon 64 
tee eat Hil, 29-15-12 Cent. Pete. No. 18 
orest Hi LBL W rs cis wlaroyeinye syayeie vai ent. Pete. No. 1 Steinle Arbuckl 3,320-3,323 | Jul 1,100 
Gustason, MMASASW ccs caayck ee cayes Cent. Pete. No. 1 Gustason Aibenkie 3944-348 Say 163 
Mohl, 18-14-18W...... 0.0.0... 0c cee eee ElDorado Ref. No. 1 Mohl Reagan 3,253-3,258 | Oct. 153 
cag ae raey Hes Hart he oMnem ern Westgate Greenland No. 1 Rusch | Arbuckle 3,216-3,223 | June 3,000 
‘ord County 
Ahnert, 26-22-18 W.....5.0.ccssccsecsene Stanolind No. 1 Ahnert Arbuckl 3,748-3 
Macketille, S46160 0 eee Stanolind No. 1 Nagel Tau KC. | sslisee? [Mee | ato 
A ne Ba2U1S Wiens ca h'srain's a's sjeains Landon No. 1 Shaeffer Lans. K. C, | 3,404-3,408 | Mar. 1,175 
‘rego Ci 
Ogallak! TOU SU isa ac Meme re eae ark Shallow Water No. 1 Schaeffer Arbuckle 3,992-8,997 | Nov. 30 
Gas 
bg couty 20-15W Helm. & ao 
ergtal, 22-20-1BW i... ise nedie seas veece elm. & Payne No. 1 Schmidt Arbuckle 3,667-3,692 | Sept 1,500. 
Kruckenberg, 11-19-15W............... Schermerhorn No. 1 Merte : \ ; 
Marign County sae ai mes Tr erten Reagan 3,530-3,550 | Apr. 8,500 
ANSON, UD 20-DE Si ewarsaawis entice ale eb. & Wyo. No. 1 Robi et 
Pownge Cunt ‘ y obinson. Penn. 2,073-2,083 1,000 
Jie Mahe cs eile CW CTMOR tanolind No. 1 Smith , 
Prat, Gout. pa miu Arbuckle 4,066-4,068 | Dec. 500 
tar! LEY Tel Ruiata erste Semen Reeves No. 1 Stark Viola 4,121-4,123 | Apr 21,000 
Wants TION fis. cotinine ates ual Central No. 1 Ward ; 107-4" ae , 
Stafford County ar Viola 4,107-4,121 | Dec. 4,000 
Filta) 4-24-19 Wy di git me ect atoll Nelson Drill. No. 1 Hitz Viola 3,800-3,812 | Oct. 6,000 
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by the construction of pipe lines, of which 


~ no less than 13 different projects were com- 


pleted during the year. Whereas most of 
these projects involve distances of only 
6 to 12 miles, nevertheless they permitted 
connections to many previously shut-down 
fields. Their total capacity is close to 
300,000 bbl. per day. The average produc- 


_ tion per well was 10.34 bbl. per day. Trapp 
_ pool, Russell County, again took the lead, 


with about 7,500,000 bbl. It was followed 
by the Silica pool, of southern Rice County, 
with about 7,000,000 bbl. and the Bemis- 
Shutts pool, of Ellis County, with some- 


_what over 4,000,000 bbl. Close behind 


came the Burnett pool, of Ellis County, 
and the Zenith pool, of southeastern Staf- 
‘ford County. 

Gas—The gas production in Kansas 
again established a new high record in 
1941. Somewhat more than too billion 
cu. ft. is estimated to have been marketed 


from Kansas during 1941. The great bulk 


of this total came from southwestern Kan- 
sas from the Hugoton area. Here again the 
building of additional pipe lines explains 
part of the increase over the go billion of 
the previous year. Nine different projects 
were started during the year and of these 


all except two were completed. They range 
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in length from a few miles to 220 miles 
(Globe Oil and Refining line from Mc- 
Pherson to Council Bluffs, Iowa). The 
proposed line from Hugoton to Mil- 
waukee, Wis., is to be 770 miles long when 
completed. 


New Poots 


According to the detailed list presented 
elsewhere in this report, 38 new oil pools 
and 7 new gas pools were discovered in 
Kansas during 1941. The most interesting 
of these new pools is the Patterson pool, in 
Kearny County, far to the west of any 
previously discovered pool. The discovery 
well was drilled on the Patterson Ranch 
by the Stanolind Oil and Gas Co. after 
several at‘empts on other near-by loca- 
tions had proved unsuccessful. The Patter- 
son well found saturation in a sandstone 
near the base of the Pennsylvanian system 
but was continued down to the Arbuckle 
dolomite. Later it was plugged back to 
the Pennsylvanian and shot between 
4748 and 4752 ft., resulting in large initial 
production, rated officially at 3000 bbl. 
per day. 

The new pools in western Reno County, 
the Peace Creek, Peace Creek NE., and 
Hendrickson, lie along a trend that many 


TABLE 3.—New Producing Zones Discovered in Old Pools during 1941 


Initial 
County, Field and Location Operator and Fee Nea Depth, Ft. | Month “on, 
Barber County ee ; 
: Lake, City, 18-31-13 Wi voc cs.eciaecs se. Pryor & Lockhart No. 2 “C’’ Gant | Simpson 4,530-4,541 | Noy. 153 
| C t ‘ 
ee aorcctl NW., 29-16-18W............. Continental No. 1 Harrington Lans. K. C. | 3,140-3,150 | Nov. 366 
Davidson, 4-16-11 W .... .j.4.c0ce cee cs os Blair No. 1 Peirano Lans. K. C. | 3,016-3,020 | Apr. 243 
. Eberhardt, 24-19-11W........... 2.02208 Vickers No. 1 “C’’ Heer Lans. K. C. | 3,094-8,105 | Oct. 2,790 
Se itickc lt 10-1 UW ce eats cneisete qeiacrens Shell No. 1 Rader Lans. K. C. | 3,106-3,120 | July 3,000 
Straub, 36-18-11W..........72.-.6-250% Lauck & Moncreif No.1 Dutton | Lans. K. C. | 3,122-3,132 | June 675 
t 
i pee Co Oat Bian cna ae anralave sinner Phillips No. 25 Keighley Hunton 3,148-3,158 | May 297 
ger hilips Oo oow Laos OLAS AMD Ome ne ae on Cities Service No. 1 Vehege Arbuckle 3,568-3,579 | July 2,572 
Rice County i 
; RDda1 Gel OW srctereis say -icjoS oreis/alnee Sharon Drill No. 1 Nevius Lans. K. C. | 3,032-3,042 | June 466 
oe Bl 1 Ba Wie ceak ict eieltovalelos ate Continental No. 4 Powell Simpson 3,186-3,190 | Mar 149 
- Russell County 
p MZ Tal om 2 Winks the aielesets lecciela erstei=t Mackall No.1 “B’’ Klusner Lans. K. C. | 3,153-3,196 | Aug. 290 
eek aren I eis eee hacia are ai sicuctay« Westgate Greenland No. 2 Rusch | Lans. K. C. | 3,071-3,084 | July 50 
Stafford County 
ES Wits ots eeraisie ej deve sta 2s Texon No. 1 Shaeffer Arbuckle 3,546-3,558 | Nov. 400 
See Oa. Stanolind No.1“B” Charles | Arbuckle | 3'945-3/955 | Mar. | 1,098 


BP) |, Stafford, 15-24-12W.. 2... es. csec cece 
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believe to be part of a stratigraphic trap 
similar to and probably connecting with 
the Zenith pool of southeastern Stafford 
County. Because of the large production 
from the Zenith pool, it is believed that 
the three new pools will open up the largest 
reserve discovered during the year. A 
similar situation exists in southeastern 
Rice County, where two new pools, the 
Welch East and the Bornholdt West, give 
indications of uncovering a large reserve. 
There also the production is coming from 
a stratigraphic trap which in all prob- 
ability is the same as that now producing 
in the near-by Welch and _ Bornholdt 
pools.* The new pool in Norton County, 
the Hewitt, extends the productive limits 
of Kansas oil areas to the northwest and 
may have far-reaching implications. The 
Ray Southeast pool in northwestern Rooks 
County appears to be on the same struc- 
ture that yields the oil in the Ray pool of 
Phillips County. Oil was found in a basal 
arkosic material which may be pre-Cam- 
brian in age. The Reagan sand which 
produces in the Ray pool was apparently 
absent in the discovery well (No. 1 Steele). 


DRILLING ACTIVITY 


The areas that received most attention 
during the year were the large fields in 
Russell and Barton Counties. The very 
interesting Hall-Gurney pool was extended 
in a number of directions and promises to 
merge with other near-by pools during the 
coming year. No less than 117 wells were 
drilled in this field of which only 7 were 
failures. In the important Trapp pool, of 
southern Russell County, 96 wells were 
completed, of which 84 were oil wells. In 
southeastern Barton County the large 
Silica pool was extended in several direc- 
tions. Of 95 wells drilled there, 76 were 
successful. In the Ray pool, of Phillips 
County, one of the most promising pools 
found in 1940, an additional 32 wells were 


* A chart of producing horizons of western 
and southern Kansas is shown on page 291 of 
volume 136, Trans. A.I.M.E. (1940). 
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completed. One of these found production 
in the Arbuckle dolomite, thus opening a 
new producing horizon for that field. In 
eastern Kansas, the McLouth pool proved 
to be the important area. Here 33 new gas 
wells were brought in and 7 oil wells. In 
the McLouth pool there are three produc- 
ing zones, one in the lower Pennsylvanian 
system and two in the Mississippian sys- 
tem. Most of the gas is derived from a 
sandstone at the base of the Pennsylvanian 
strata, and some oil is also obtained at the 
same level. A small portion of the gas 
comes from the weathered and eroded top 
portion of the Mississippian. Up to date 
this zone has not furnished any oil wells, 
although good shows have been found. The 
third producing zone lies well within the 
Mississippian limestone sequence, at a 
depth of 135 ft. below the top of the sys- 
tem. It produces oil. The production in- 
the Pennsylvanian sandstone appears to 
be related to differential porosity and — 
permeability, while the oil in the Missis-— 
sipian seems to be rather closely related to” 
structural conditions. : 
EXPLORATION : 
The year 1941 undoubtedly will prove 
to be one of the most interesting from the ; 
standpoint of exploration for new supplies 
of oil. A determined and ambitious attempt - 
was made by both major companies and 
independents to find new reserves. In — 
Barber County, the drilling campaign was — 
quite successful, as two new pools were 
found and a new producing horizon in 
another. In Graham County, on the north- _ 
western fringe of the oil region, 10 explora-_ 
tory wells were drilled and these were _ 
scattered over the County. One of these_ 
opened a new pool, but the others were | 
dry. In southeastern Kingman County, | 
one promising outpost well was a failure. ; 
In Ness County, another promising test, | 
also well located, proved to be dry. } 
In Norton County the search for new _ 
pools was perhaps more intensive than in 


. 
. 
i 


W. A. VER WIEBE 


any other county. Here the possibility of 
_ finding oil in stratigraphic traps was great. 
Furthermore, the successful drilling cam- 
paign in Phillips and in Graham Counties 
held out considerable promise of similar 
conditions in Norton County. Also, it will 
be remembered that one very good showing 
had been found here the previous year in 
the Van Patten pool (later abandoned). 
_ No less than ro exploratory wells were com- 
pleted in Norton County during ro4r but 
of these only one was successful in finding 
new oil reserves. 

In Pawnee County, where rather large 
wells were brought in to extend the Pawnee 
Rock pool, wildcatting was carried on over 
a wide area. The six scattered test wells 
_ were all dry holes. However, to offset this 
poor showing, a rather long extension to 
the Pawnee Rock pool was uncovered in 
western Barton County, which adjoins 
Pawnee on the east. Temporarily this is 
classified as the Pawnee Rock East pool. 
_ In Phillips County, one of the most north- 
erly outposts of the oil region, the success 
of drilling in the Ray pool encouraged 
widespread wildcatting. One new pool was 
uncovered, but the remaining tests, drilled 
on good geological prospects, were all dry. 
_ Drilling in Pratt County was stimulated 
by the large production obtained from the 
Viola limestone in the Cairo pool. Eleven 
test wells drilled in this area were com- 
_ pleted during the year. Two of these opened 
new gas pools of doubtful value and the 
rest were failures. In Rooks County, the 
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favorable results of drilling in the Laton 
pool encouraged wildcatters to start seven 
test wells. One of these, several miles south- 
east of the Ray pool (in the adjoining 
Phillips County), was successful in finding 
a new oil pool (Ray Southeast). Another 
test well, in the southeastern part of the 
county, was also successful in opening an 
oil pool (Erway pool). The remaining holes 
were dry. In Rush County three dry holes 
were drilled. In Sedgewick County two 
rank wildcat wells were completed during 
the year, but both were failures. 

This record clearly indicates that oil is 
becoming more elusive, for virtually all 
the test wells cited were drilled after ex- 
haustive preliminary surveys had been 
made. Many wells were located on geo- 
physical prospects, which had been cor- 
roborated by careful subsurface studies; 
for others the exploratory work included 
core-drill tests and other methods of 
obtaining information. 
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Oil and Gas Development in Kentucky during 1941 


By GEorGE STRAUGHAN* AND RALPH THoMAST 


O1t production in Kentucky in 1941 
was 5,191,024 bbl., one barrel less than in 
the preceding year. 

The total completions for the state 
numbered 714, of which 256 were gas 
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producers, 220 oil wells, and 227 dry holes. 
The total number was 95 more than in 
1940. No new important oil or gas pools 
were discovered. The number of dry tests 
was large, although many of the dry holes 
could be considered wildcat tests. 

In western Kentucky, 365 wells were 
drilled, of which 145 were oil producers, 


TABLE 1.—Drilling Operations in Kentucky during 1941 


Producing Initial 
Num- Wells Production 
ber Dry D Hori Wells 
County Wells and eepest Horizon | Drilling 
Com- |Abandoned Oil Tested 12/31/41 
pleted Gas | Oil > | Gas 
Bbl. 
WESTERN KENTUCKY 
Breckenridge; a7 dyodis. cer sere 4 4 McClosky 
Birtlers Tate setttatees cee ak owen 8 2 6 61 Jones 
Chadstiaticven so.cbictet. on sae eee 2 2 Corniferous 
ON feb Sor se SC SATE Sa OBE 6 I 5 y | Corniferous 
Clintonisinns. the pale eke tats Ber 12 = 3 6 1os| y | Granville 
Gum Berlandir was es iecitamiter os 8 2 6 55 Granville 
Da Pess: See ciehine: bc asters Loa shee ae 93 41 2 43 | 2,020 McClosky 
GEAVERS 51 cite erou aie tee het 2 2 St. Peter 
Grayson icin kat ot ca orien ates 2 2 St. Peter 
FLOTICOCM sara arias p wader eamanitnie ee 27 15 12 87 McClosky 
Hendérsétt ex taciex cae ee 42 19 23 447 McClosky 
FACEBOts wena ue acetiniarals coaten ata 5 I 4 y | Corniferous 
2 Pah, RCE IO ETRE lO uh 4 4 y Corniferous 
LAS WAR Sa Wares savers agee te aie kere ce 2 a Corniferous 
MOR AR oe altua conve CEOs aubes arch I I ores 
Moeleatiracncrtcainm vce tah nae 33 21 12 | 1,802 cClosky 
Mp blet Berg roche eel se archi 10 7 2 y McClosky 
OMMOW Rites corer Waa (ison g's abet 75 44 3 28 507| y | McClosky 
Pisleaisi eye cake sane vo wns oie ae 4 4 Corniferous 
WRION FE. Gace re oe kiolsteeals wele ce II 7 4 363 McClosky 
WiayHete. o. felted ats in Ree ui 6 3 3 18 aang Sunnybrook 
WHOSE pra ihemis hddcn merece 5 3 2 35 cClosky 
DPotalas weves® news ose maton 365 186 23 | 145 |6,002| y 
EASTERN KENTUCKY 
Carters ears Massie a igcotes iso onn= I I Corniferous 
BIMGUE Carn ebron) sois-e Vie. Peele nivel 3 I y | Knox I 
Petal aatats cistern actu d dine ois Gantniaees 48 5 ° Corniferous 
BLOG set nas ove sul te vad ahs 71 6 y | Corniferous 15 
Greantin Pate: <tr sraininns ts eid t 2 Berea 
GUSIBOR.. ina heures Pos cee eee 16 2 y | Corniferous 6 
MOU peste cect vdonse Geese 47 3 y | Devonian shale 14 
LiGO alot trae OR oak Sas, aiken ereiite 17 I 0 | Corniferous 
Moagofiini i tifecte acts air esis 2 I y | Knox 
Martin casi cantina cane a ele 42 4 y | Clinton II 
Morgan iii. crraeile tes arene one 3 3 Corniferous 
Pilke aatecge stars atten teen aes 81 9 y | Devonian shale 36 
Powell tq ratinocts « aticiitctamnle te 16 6 y | Corniferous 
PE wSieldsinitian rate) ager Cp: Ni eb 41 y 83 
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23 gas wells, 4 stratigraphic tests, 9 key 
wells and 186 dry or abandoned. The 186 
oil wells had an initial production of 
approximately 6002 barrels. 

In eastern Kentucky, 359 wells were 
completed during the year, of which 233 
were gas producers, 75 oil wells, 41 dry or 
abandoned. The Big Sinking oil field of 
Estill, Lee and Powell Counties accounted 
for 65 of the producing oil wells. 

During 1941, four deep tests were com- 
pleted in eastern Kentucky. In Magoffin 
County, on the Paint Creek Uplift; the 
Cumberland Petroleum Co. deepened an 
old Corniferous well to the Knox dolomite 


_.to a total depth of 5080 ft. A sandy lime- 


stone was encountered in the St. Peter 
horizon, but the true sand was absent. No 
commercial oil or gas was encountered. 
In Elliott County, on the Burke dome, the 


‘Inland Gas Co. completed a test to the 


Knox dolomite at a total depth of 4192 ft. 
According to Mrs. Louise Freeman, of the 
State Department, approximately 65 ft. 
of fine sand was encountered in the St. 
Peter horizon. This sand made salt water, 
but no commercial oil or gas was found. 
In Clark County, in the Ruckerville fault 


area, W. O. Allen drilled a test to the Knox 


dolomite to a total depth of 2020 ft. A 


_ sand was penetrated at the approximate 


St. Peter horizon, but according to the 
State Department it could not be called 
St. Peter, its presence being due to an 


unconformity present at the top of the 
Knox. No commercial oil or gas was 


present. In Laurel County, on the Sinking 


Creek dome, the Globe Oil and Gas Co. 


completed a well in the Knox dolomite at a 
total depth of 3800 ft.; no sand was 
present in the St. Peter horizon in this 
test and no commercial oil or gas was 


encountered. 


The widely publicized leasing activity 


_ in the eastern part of the state was pursued 
by major oil companies and all acreage 
on known and mapped structures has been 


acquired. 
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Drilling activity has been curtailed to a 
certain extent by most operating companies 
in eastern Kentucky until some modifica- 
tion of the Office of Production Man- 
agement’s Conservation Order M-68 is 
obtained, allowing them to resume normal 
operations. 

Table 1 shows by counties the new 
development in Kentucky during 1941. 
This information was compiled from all 
available sources and reflects a careful check 
of individual wells; should not be much in 
error, unless there has been a failure to 
report certain wells. 


Gas 


Floyd County—The 65 gas wells pro- 
duced from the following formations: 


Number : Combined 
of Wells Formation Open Flow 
2 Salt sand (Pen:).3..4:... 4 Favegete y 
3 Maxon GMis.) coc esienste eon y 
II Big Lime (Mis:) 23 9..oo0 coe y 
49 Shalei(Dev.) shoe esneaes y 

POGAL icc: ers pole Gaetenthe dla arcane y 


The drilling in this county was in proven 
territory. 

Johnson County—The 14 wells produced 
from the following formations: 


Number : Combined 
of Wells Formation Open Flow 
4 SHALGL CDE, )inrcieretsreteniavele avin? y 
bas) Big Sees (Stl pare ecleteresee eu els y 

FRO bal Societe a ceeitsinit he caeterens y 


The Big Six sand production represents 
the discovery of a new field 4 miles west of 
Paintsville. 

Knott County—The 45 wells produced 
gas from the following formations: 


b . Combined 
of Wells Formation Open Flow 
(0) Salt sand (Pen.). 
4 Maxon (Mis.)...........--- y 
3 Big Lime (Mis.)....20 6600+. y 
38 ShalenGD evan... seis. sue ater. y 
TG tal wise rseintyecs te: a seeee ere y 


The larger portion of this development 
represents wells in proven territory but 
there were some extensions to known fields. 
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Magoffin County.—In former years in 
this County approximately 1200 wells had 
been drilled for oil. Of this number goo were 
Weir sand oil wells and 100 were dry holes. 

In the extreme southern part of the 
county is the Fych gas field in which 
there are 53 wells producing from the Salt 
sand, Maxon, Big Lime, Injun and shale 
formations. One gas well was completed 
during 1941 with an open flow of 298,000 
cu. ft. daily from the Devonian shale and 
Big Injun horizons. 

During 1941 the Cumberland Petroleum 
Co. deepened an old Corniferous well to the 
Knox dolomite to a total depth of 5080 ft. 
No commercial oil or gas was encountered. 

Martin County.—The 32 gas wells pro- 
duced from the following formations: 
Combined 


Number Formation 


of Wells Open Flow 
2 Saltisand (Pen) 404. .eee y 
4 Maxon=(Mis.)secth, aerate y 
I Big. Lime i( Misi. an ome y 
25 Shale (Devin, aie y 
WLotall jasfesetcarsite esta naienets y 
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Pike County —The 72 gas wells produced 
from the following formations: 


Number - Open Flow 
of Wells Formation Combined 
* 
II Saltiisand: (Pens). Sis eniekttee y 
14 Maxon (Mis.).5..0 eee ee y 
2 Big Lime (Mis.)oee- awe ewe y 
45 Shale (Devo. the cewce ao y 
Lotaly 2s iets oe see ae y 


Part of this production was from proven 
areas, but this county had more new 
development than any other county in the 
Big Sandy area. 
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Petroleum Development and Production in Louisiana during 1941 


By J. Huner, Jr.* 


Louisiana ranks fifth among the oil- 
producing states. In 1041 the state-wide 
production was slightly in excess of 
118,000,000 bbl. of crude oil and conden- 
sate—an increase of 15,000,000 bbl. over 
the total production for the year 1940. 

During 1941, south Louisiana produced 


“approximately 90,900,000 bbl. of oil, while 


north Louisiana produced approximately 
27,000,000. South Louisiana, therefore, 
produced about 314 times more oil than 
north Louisiana. 

During the past year, 574,800,000 M 
cu. ft. of natural and casinghead gas were 


‘produced in Louisiana; thus 1041 gas 


production exceeded the 1940 production 
by 104,900,000 M cu. feet. 

Completion records for the year 1041 
show that 1512 wells were completed in or 
adjoining producing fields. These wells, 


_ which were drilled to extend known pro- 


ducing areas or were located within produc- 
ing areas, are not considered as wildcat 
wells. Of the total number of field wells 
drilled, 1152 wells found production; the 
remaining 360 were junked or dry and 
abandoned. This means that 76 per cent 
of the wells drilled were successful. Con- 
sidering the precarious nature of oil-field 


development, this percentage of new pro- 


ducing wells is exceedingly satisfactory. 

Of the total number of field wells com- 
pleted as producers, approximately 86 
wells found new and distinct producing 
sands. 

During the past year, 30 new fields were 
found. Four parishes—namely, Caldwell, 
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Catahoula, Orleans, and Natchitoches— 
entered the ranks of oil-and-gas-producing 
parishes in the state during that period. 
This brings the total number of oil-and- 
gas-producing parishes in the state up to 
48. Thus, 75 per cent of the parishes in 
Louisiana now contain one or more oil 
and/or gas fields. 

Although sufficient data are not avail- 
able to list the addition reserves found in 
Louisiana during 1941, it is felt that such 
reserves undoubtedly exceed twice the 
total production for that year, or at least 
200 million barrels. In reserves, therefore, 
Louisiana ranks third among the various 
oil-producing states. 


SoutH LOUISIANA 


Although 16 new fields were found in 
south Louisiana, the outstanding develop- 
ments in that part of the state were not 
limited to new discoveries. In fact, most 
of the increase in reserve in that area 
has been most consistently accumulated 
through extensions of known producing 
sands and through the finding of new sands 
in already productive fields, especially at 
depths below the presently producing 
sands. Since data concerning most of the 
new extensions and sands are too extensive 
for discussion here, the more important 
developments are briefly outlined below: 


Abbeville, Vermilion Parish.—Production ex- 
tended 14 mile to the west. 

Anse La Butte, St. Martin Parish—New oil 
sand discovered at 9400 ft., thus extending pro- 
duction to east flank. West flank defined by 
dry holes. 

Barataria, Jefferson Parish—New oil sand 
discovered on east side of field at 7620 ft. New 
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distillate sand found at 10,054 ft. on south 
flank. East flank defined by dry hole. 

Bateman Lake, St. Mary Parish.—Production 
extended 144 mile on east and west flanks. 
Present production defined by dry hole on 
south flank. 

Bayou Bleu, Iberville Parish—Production 
extended 4800 ft. on east flank and 2100 ft. on 
north flank. Present production defined by 
dry hole on southwest flank. 

Bayou Bouillon, St. Martin Parish.—Produc- 
tion extended 8500 ft. on south flank and also 
limited on south flank by dry hole. 

Bayou Choctaw, Iberville Parish—Production 
extended 1100 ft. on east flank. 

Bayou des Allemands, St. Charles Parish.— 
Production extended tooo ft. on west flank. 

Bayou des Glaises, Iberville Parish.—Present 
production defined on north and south flanks. 

Bayou Pigeon, Iberia Parish.—Production 
extended tooo ft. on southeast flank and de- 
fined by dry hole on northwest flank. 

Bayou Sale, St. Mary Parish.—Discovery 
sand found at 10,100 ft. New oil sand dis- 
covered at 10,300 ft., extending field 6000 ft. 
toward the south. Slight extension on north 
flank and dry hole defining the east flank. 

Bay St. Elaine, Terrebonne Parish.—Produc- 
tion extended 1250 ft. west on southwest flank. 

‘Caillou Island, Terrebonne Parish—Present 
production defined on south flank. 

Cameron Meadows, Cameron Parish—New 
oil sands found at 1300 ft. and 5700 feet. 

Chacahoula, Lafourche Parish—Present pro- 
duction defined on northwest flank. 

Chalkley, Cameron Parish—Production ex- 
tended 14 mile on south and southeast flanks, 
and defined on west flank. 

Delacroix Island, Plaquemines Parish.—First 
oil sand found at 896s ft., slightly deeper than 
discovery of gas-condensate sand at 8qr5 feet. 

Delta Duck Club, Plaquemines Parish.—Dis- 
covery sand found at 11,400 ft. New sand found 
at 9580 ft., 1600 ft. west of the discovery well. 

Delta Farms, Lafourche Parish—New oil 
sand found at 8770 ft. on east flank. Production 
extended 1500 ft. on northeast flank. 

Dog Lake, Terrebonne Parish.—Present pro- 
duction defined on northwest and southeast 
flanks. 

East White Lake, Vermilion Parish—New 
oil sands found at 6400 ft., 7300 ft. and 9800 ft. 
Field extended 114 mile toward the northeast. 


Edgerly, Calcasieu Parish—New oil sand 
found on southeast flank at 6900 ft. Present 
production also defined on southeast flank. 

Erath, Vermilion Parish——Sand of low gas- 
oil ratio found at 8700 ft. New condensate 
sands found at 11,378 ft. and 11,618 ft. Produc- 
tion extended on the west flank and defined 
on southwest flank. Previous production also 
extended 14 mile toward the south. 

East Hackberry, Cameron Parish.—New oil 
sand found at 10,000 ft. on north flank. 

Fausse Pointe, Iberia Parish.—Present pro- 
duction defined in southwest flank. New oil 
sand at 8700 ft. on north flank. 

Gibson, Terrebonne Parish—Production ex- 
tended one mile to the northeast and defined 
on southwest flank. 

Garden Island Bay, Plaquemines Parish.— 
Production gradually being extended around 
the southeast flank toward the south. 

Golden Meadow, Lafourche Parish—The 
5100-ft. and 5400-ft. oil sands extended 800 ft. 
east of Bayou Lafourche. 

Gueydan, Vermilion Parish—New oil sands 
found at 4800 ft., 7500 ft., 8750 ft., 9720 ft. and 
9760 ft. Production subsequently extended 
1500 ft. toward the west and rooo ft. to the 
southeast. 

Iowa, Calcasieu Parish—New oil sand dis- 
covered 6970 ft. on west flank. The 7600-ft. 
sand extended slightly toward the north, while 
the 8200-ft. sand was extended to the north 
and northeast and defined on the west. 

Jefferson Island, Iberia Parish—New oil 
sands discovered at 3070 ft. on southwest flank 
and 8080 ft. on south flank. Production ex- 
tended 4150 ft. west of previous production. 

Kenilworth, St. Bernard Parish—New con- 
densate sand found at 10,300 ft., extending 
production 1800 ft. toward the east. 

Lake Arthur, Jefferson Davis Parish—Two 
condensate sands found on north flank at 
8500 ft. Production defined on northeast flank. 

Lake Hermitage, Plaquemines Parish.—Pres- 
ent production limited on southwest flank. 

Lake Long, Lafourche Parish—Production ex- 
tended 1500 ft. on northeast flank. 

Lake Chicot, St. Mary Parish—Discovery 
sand found at 9025 ft. New oil sand found 
at 8150 ft., tooo ft. northeast of discovery 
well. F 

Lake Pelto, Terrebonne Parish.—Present 
production limited on northwest flank. 
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Lake Salvador, St. Charles Parish—Produc- 
tion on east and south flanks extended 1300 feet. 

Lakeside, Cameron Parish—Discovery sand 
found at 9972 ft. New condensate sand found 
at 9900 ft., approximately 3200 ft. east of dis- 
covery well. 

La Pice, St. James Parish.—Present produc- 
tion defined on northeast flank. 

Lockport, Calcasieu Parish.—Present produc- 
tion defined on northeast flank. 

Pecan Lake, Cameron Parish—Discovery 
sand found at 10,174 ft. and extended 3000 ft. 
toward the southeast. é 

Port Allen, West Baton Rogue Parish.— 
Production extended. 

Port Barre, St. Landry Parish—New oil 
sands found at 5650 ft. on north flank and at 


6638 ft. on southwest flank. 


Potash, Plaquemines Parish—New oil sands 
found at 8450 ft. and 8688 ft. on southwest 
flank, 

Section “28,” St. Martin Parish.—First oil 
sand found at 10,854 ft. on northwest flank. 
New condensate sands also found at 8900 ft. 
and 10,000 ft. Production limited on north and 
west flanks. 

Raceland, Lafourche Parish.—Present pro- 
duction limited on southeast flank. 

St. Gabriel, Iberville Parish.—Discovery sand 
found at 7773 ft. New oil sand found at 8634 
feet. 

Starks, Calcasieu Parish.—Present produc- 
tion defined on northwest flank. 

Stella, Plaquemines Parish.—New oil sands 
found at 7000 and 7s5ooft., latter sand extend- 
ing production 2000 ft. toward the east. 

South Crowley, Acadia Parish.—Present pro- 
duction defined on south and southeast flanks. 

University, East Baton Rouge Parish—New 
oil sand found at 9500 ft. on south flank. 

Venice, Plaquemines Parish.—New oil sand 
found at 10,600 ft. on northwest flank. 

Vacherie, St. James Parish.—Present pro- 
duction defined on south flank. 

Vinton, Calcasieu Parish—New oil sand 
found at 3600 ft., one mile southwest of pro- 
duction. Present production defined on south- 
east and southwest flanks. 

Welsh, Jefferson Davis Parish—New gas 
sand found at 5278 ft. and new oil sands at 
6534 and 7330 feet. 

West Bay, Plaquemines Parish.—New oil 
sands found at 6264 ft. and 6836 feet. 
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West Cote Blanche, St. Mary Parish—New 
oil sand found at 7640 ft., approximately 
1300 ft. north of production. 

West Hackberry, Cameron Parish.—New oil 
sand found on northeast flank at 9700 ft. 
Present production limited on southeast flank. 

West Lake Verret, St. Martin Parish—New 
oil sand found at 2300 ft. Present production 
limited on southeast flank. Production ex- 
tended 2000 ft. toward the south. 

West Mermentau, Jefferson Davis Parish.— 
New condensate sand found at 9100 feet. 

Woodlawn, Jefferson Davis Parish.—Produc- 
tion extended 14 mile on east flank and defined 
on southeast flank. 


NortH LovIsIANA 


In north Louisiana, the chief interest 
of the industry during 1941 was focused 
on the so-called “Wilcox trend.’ More 
particularly, it was concerned with produc- 
ing sands found approximately 700 to 
1600 ft. below the top of the Wilcox. That 
this interest was not misguided is indi- 
cated by the fact that ro new fields 
productive from below the top of the 
Wilcox were found in the trend during 1941. 

Structure maps contoured on top of the 
Wilcox over fields productive from the 
Wilcox in the southern part of the trend 
show considerable closure. The Neale 
field, in Beauregard Parish, which is a 
fault-line field, is an exception’ and shows 
relatively little closure on top of the Wilcox. 
In the northern part of the trend—that is, 
the La Salle Parish area—contour maps 
on top of the Wilcox over fields producing 
from the Wilcox show almost nv closure. 
The closure does, however, become more 
pronounced with depth. The latter is 
caused chiefly by a thinning of the Wilcox 
over the structure, rather than by any 
increased structural distortion of the beds. 

To account for the accumulation of 
petroleum in various fields in the northern 
part of the trend poses a difficult problem. 
In some fields, faulting has been chiefly 
responsible; in other fields, stratigraphic 
trapping is dubiously suggested. However, 
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because some petroleum-bearing sands— 
for example, the Cruse sand, named from 
the Olla field—can be traced downdip 
through many of the fields in La Salle 


sands and shales. The interpretation of 
electrical logs in this part of the trend is 
also difficult. The logs do not always 
reflect the sand content and are even 
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Parish, stratigraphic trapping does not 
appear to be an entirely plausible explana- 
tion in all fields. 

Correlation of sands and other sedimen- 
tary units is fairly satisfactory in the 
central and southern parts of the Wilcox 
trend. However, in the northern part, 
correlations are exceedingly difficult be- 
cause of the lenticularity of the various 


erroneous to the extent of being misleading. 
As a matter of fact, the only satisfactory 
method of determining whether or not a 
Wilcox sand contains any liquid or gaseous 
hydrocarbons is to core it. 

Aside from the new Wilcox field dis- 
coveries, those Wilcox fields found prior to 
1941 have had extensive development 
during the past year. 
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Developments in Old Fields except on the south. Although sufficient 

The Olla field, in La Salle Parish, was data are not available, it seems likely that 
defined and now covers approximately the deeper sands in the Nebo field will be 
8300 acres. It is the largest field in the continuous and extend into the Hemphill 
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Wilcox trend. During 1941, two new oil field, about 2 miles south. Totaled, 10 
sands—namely, the Tremont (1900 ft.) mew sands, all within the so-called “Nebo 
and the Kraft (1000 ft.)—and one new zone”’ (3300 to 4200 ft.), were found in the 
gas sand, the Sills (2630 ft.), were found field during 1941. 
in this field. The Summerville field, discovered in 
The Nebo field, discovered in 1940, was 1940, has had eight completions during 
extended considerably during 1ro41, espe- 1941, all of which were oil wells. During 
cially toward the south, southwest and this same period, a number of dry holes 


east. The field was defined on all sides were also drilled. Since the field is appar- 
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TABLE 1.—Oil and Gas Production in Louisiana 


. Total Gas Produc- : 
Area Proved, Total Oil : one Number of Oil and/or Gas 
Acres Production, Bbl. tion, Millions Wells 
Cu. Ft. 
Field, C De / 
ield, County of Dis- 
covery 1941 End of 1941 
S ; b ToEnd | During | To End | During | 23 
4 No Ae of 1941 | 1941 | of 1941 | 1941 3s 3/3 ae wo | 
Beg | Bl gS | ag © % 
S Balg 82/3 EI 
E £8] 8 |3 [£4] £5 | £6 
A. Sours Lovistana 
1) Abberville, Vermilion |1937 200 644,199 | 123,023 6,078 | 2,686 9} 2 4 6 
2} Anse La Butte, St. 
Martie, es samackt 1902 200 2,743,627 |1,525,622 761 656 y| 40) y| 2 55 0 
3| Bancroft, Beauregard |1938 750 2,788,333 | 838,624 13,763 | 3,997 43) O| y| 5 32 32 
4) Barataria, Jefferson. .|1939 250 1,451,667 |1,003,539 796 608 22) 12) 0} 0 21 1 
5] Bastian Bay, Plaque- 
MANES Los scacee owe che 1941 80 11,461 11,461 3 3 2} 2) O| 0 2 0 
6 pes Lake, St. 
Mabe eta Riek x sons 3,700 920,306 | 213,961 720 189 12} 4) 0} O 4 8? 
7| Bay "Baptiste, Terre- 
BONE Be ee ciseOs 1938 Abandoned 1,320 0 68 0 1) 0} O} O 0 04 
8} Bayou Blue, Iberville |1929 120 900,869 | 630,519 154 95 38} 19} y| 1 29 L 
9} Bayou Bouillon, St. 
Martine Soccer shine 1902 40 410,458 6,680 102 102 gL iy Lia 
10} Bayou Choctaw, W. 
Baton Rogue and 
Thertiler ence evs 1931 300 3,572,222 | 503,674 376 115 25) 3 17 y 
11} Bayou Deg _ Alle- 
mands, St. Charles 
and Lafourche...... 1937 240 382,699 | 132,596 1,202 599 9} 2 6 0 
12} Bayou Des Glaises, 
Tafel: 5 va att 1940 50 4,811 415 y y 1] 0 1 0 
13] Bayou Mallet, Acadia} 1936 360 427,308 90,345 1,015 360 8} 0 3 2 
14| Bayou Pigeon, [beria |1940 100 370.905 | 272,276 147 86 5] 2 5 0 
15] Bayou Sale, St. Mary |1941 | 1,000 141,750 | 141,750 87 87 8} 8 8 0 
16| Bay a Elaine, Terre- 
DORE Biek colcaes: cca 1934 180 662,346 | 245,400 440 198 14) 5 9 0 
17 Belle cas St. Mary. .|1941 100 1,861! 1,861: 154 154 Lek 1 0 
18] Big Lake, Cameron.. .|1935 Abandoned 72,338 0 268 0 0} 0 0 0 
19] Black Bayou, 
CAMEFON, 6. 2.000.085 1929 275 8,715,269 | 863,829 1,322 0 25) 4 22 0 
20} Bosco, (includes 3 
Cankton) Acadia 
and St. Landry..... 1934 1,600 640 | 21,956,667 |1,506,621 67,870 |} 6,275 72| 0 42 92 
21) Caillou Island, Terre- 
a eee 1930 600 32,194,586 |1,999,563 2,006} 1,050 59 vy) 0 49 
22 —— Meadows, 
CAMEO» cieas mn 1931 300 8,462,286 | 825,191 763 144 y| 6 37 0 
23 Cianahors Bites 1938 200 1,352,676 | 488,468 85 620 0} 1 11 1 
24) Chalkley, Cameron...|1938 | 1,500 2,860,372 |1,681,216 6,724 | 3,329 y| 2 29 32 
25/ Charenton, St. Mary. |1936 750 8,412,923 |1,852,355 3,046 300 1) 2] 161 y 
aC mena ibe, Raise. aah > G40 2,796,982 |1,055,273 | 10,005 | 2,237 0) 11 shies 
27| China, Jefferson Davis|1940 80 7,110! 3,532' 822 456 0; 0 0 12 
28] Creole, Cameron... . 1938 100 1,706,485 | 395,092 686 243 0} 2 8 0 
29] Darrow, Ascension. . .|1982 175 4,969,233 | 678,680 2,117 307 yl oy 20 0 
30} Delacroix Island, 
Plaquemines........ 1941 120 7,3641 7,364! 80 80 1 12 
31| De Large, Terrebonne 1938 640 154, ,6101 46,8841 5,331 | 1,600 0 1 


i=) 
o oo 


Raises 33,827 | 33,827 44 


+ Footnotes to columns heads and explanation of symbols are given on page 250. 
1 Condensate production only . 
? Gas wells shut in. 
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TABLE 1.—(Continued) 


Methods, | Character of Oil F , Deepest Zone Tested 
ear acter of Oi Producing Formation to End of 1941 
1941 
pee 
co) ells 2 
3 = Range of Pro- [| 8 
Ay N ange of Pro- & 
a a <a Be | -8 a % » | ducing Sands [3/2 ,] -, Name mee 
Z| 2|2_| s£52 [gs al gige| § 3m 
» 3/2 \28| gost Ss es alte gs) 3 ic 
| a) 8 \55| s7*< 4 Benue 234| § ES 
A. Sours Lovistana 
hi :4 0 50 0.1 MioU 8 26 6,400-10,300 | 5| 20} D_ | Urigerina 12,214 
23 Pli 8 Por | 1,165- 2,400 | 2} 20} DS | L. Miocene 9,875 
2| 53 2 37.7 MioU 8 30 2,800- 6,000 | 7} 70} DS 
32.4 MioL s 25 9,430— 9,465 | 1 DS 
3| 17 15 43 Cockfield Eoe § y 7,250— 7,452 | 2 AF | Wilcox 11,018 
4 4) 21 0 37 0.2 MioU tS] 32 7,600-10,000 | 4) 20) D | U. Miocene 12,246 
; 5| 2 0 35.6 MioU i) Por | 9,350 1} 28) D | U. Miocene 10,714 
5 6) 4 0 43 MioU 8 Por | 8,600-10,900 | 5| 25) D | U. Miocene 11,876 
a 
s A 0 49.6 MioU 8 Por | 11,200 1 D | U. Miocene 13,409 
< 8} 25, 4 32 MioU iS) Por | 1,250- 6,530 |14| 28] DS | L. Miocene 11,049 
a 9| 0 1 oe MioU 8 27 3,200 1} 15} DS | L. Miocene 9,405 
be MioL | $ | Por| 7,480 1] 15] DS 
10] 17 0 fe MioU 8 | 27 2,400- 6,300 |13] 25] DS | L. Miocene 10,033 
37 MioL s 38 7,500— 8,400 | 4) 25} DS 
at a6: 0 35 0.2 MioU NS) Por | 6,800- 9,400 | 2) 30 | DS | U. Miocene 10,696 
12} 1 0 37.8 0.13 MioL 8 Por | 8,640 1 7| DS | Miocene 10,380 
13| 3 0 30 MioL 8 Por | 6,380- 7,190 | 3 D | Vicksburg 8,404 
14, 3 2 27 MioL 8 30 8,050- 8,150 | 2} 10} D | U. Miocene 10,000 
15) 8 0 35 MioU 8 30 10,100-10,300 | 2) 70} D | U. Miocene 11,877 
16] 8 1 29 MioU 8 Por | 5,600—- 9.300 | 5} 40} DS | U. Miocene 11,012 
Ae) 0 47.1 MioU iS} Por | 9,800 — 1! 55} DS | U. Miocene 11,117 
39 MioU 8 Por | 6,700- 7,800 | 2}. 20} D | Marginulina 10,521 
rg) 138 MioL | § | Por| 8,300- 9,050 | 2} 20] D 
23 0.15 MioU 8 35 4,200- 5,500 | 7} 35} DS | L. Miocene 8,480 
pete 8 440 MioL | § |35 | 7,500 1 DS 
423 38 MioL ts} Por | 7,900- 8,825 | 7| 27| D | Vicksburg | 10,434 
46 6 35 MioU S Por | 3,700- 7,800 |20} 67} DS | U. Miocene 9,350 
20 Pli 8 Por | 1,300 1} 30} DS | Salt 9,331 
10) 27 {30 Miot | §_ | Por | 3,300- 5,600 | 5| 30} DS 
11 0 34 MioU 8 30 6,034— 9,341 | 6} 50} DS | L. Miocene 13,004 
36 MioU 8 Por | 7,100- 8,900 | 4| 32] D | L. Miocene 11,693 
29} 0} {37 MioL | $ | Por| 8,400-10,100 | 3) 30] D 
68 93 22 MioU 8 Por 950- 6,500 | 9} 20; D U.Miocene 10,690 
44 Cockfield Eoc S Por | 5,350- 5,500 | 3} 28] DS | Wilcox 8,230 
| 6 {i Sparta Eoe S | Por| 61 1] 10| DS ; 
0 0 20 MioL iS) Por | 9,300 1} 20) D |L. Miocene 9,530 
8 0 34 MioU 8 Por | 5,200- 6,600 | 3) 25) D | U. Miocene 9,895 
30 0.12 MioU 8 Por | 4,250- 7,000 | 6} 45} DS | L. Miocene 10,013 
20 i 0 {39.5 MioL | § | Por] 8, 1) 27| DS 
1 0 45 MioU 8 y 8,900— 8,950 | 2} 18) D | U. Miocene 11,165 
1 0 50.8 MioU § Por ,000 1 D_ | U.Miocene 13,333 
2 0 42.5 MioU iS) 25 10,750- 1,110 | 2} 22} D | U. Miocene 11,494 


3 Pressure maintenance from early life of field. 
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TABLE 1.—(Continued) 


. Total Gas Produc- : 
Area Proved, Total Oil 4 ay: Number of Oil and/or Gas 
Acres Production, Bbl. rie Wells 
i} 
Year . 
Field, County _jof Dis- During] nd of 1941 
covery 1941 
8 : ToEnd | During | ToEnd | During | 3 > 
4 Oil | Gast | oftoat | to4t | of to41 | 1941 |BSlglBles] » | 
e 23/2/3/85| 8. |3 
° ge/8|3\62| s2/3 
5 58/8 | 8a) £6 | £6 
33| Delta Farms, La- 
fourche and Jefferson |1940 320 182,221 | 152,429 538 531 2} 2; 0} 0 1 3 
34| Dog Lake, Terrebonne |1935 160 2,451,325 | 465,386 767 113 17| 3) y 10 32 
35] East Hackberry, 
Cameron? cose ocaae 1927 560 28,377,658 | 1,619,851 4,039 972 66] 9) y| 3 61 1 
36) East White Lake, Ver- 
MALON ates aeons 1940 640 81,006 81,006 584 462 4). dt, 0) 4 3 0 
37| Edgerly, Calcasieu 1912 215 8,416,142 | 119,904 2 2 Wz). 1 ogi 17 y 
38| Eola, Aroyelles....... 1939 2,100 8,597,616 |3,671,344 11,095 | 5,792 101) 6) y} 0 94 0 
39| Hrath, Vermilion..... 1940 | 2,280 184,728 | 174,204 844 778 9} 7) O|} 0 a) 22 
40| Fausse Point, Iberia 1 
and St. Martin. .... 1926 100 113,079 43,567 294 108 y| 1) y} O 4 12 
41| Four Isle Bay, Terre- 
OONNE.. Non clons vein | Loge Abandoned 102,512 0 0 0 y| 0} O} 0 0 0 
42| Garden Island Bay, 
Plaquemines........ 1935 350 4,726,077 |1,229,211 865 230 40| 6 4| 5 30 0 
43| Gibson, (inc. N.E. 
Gibson) Terrebonne |1937 350 5,253,093 |1,406,347 4,059 631 23) 5) O| 1 21 1 
44| Gillis-English Bayou, 
Calcasieu.......... 1934 1,200 20,201,606 |1,304,868 29,314 | 5,627 120} 6) y| ll 42 4 
45| Golden Meadow, La- 
oN ialareiie aie tae 1938 1,400 9,672,902 |4,821,015 3,378 | 1,724 207) 46) y| 18} 190 1 
46] Grand Bay, Plaque- 
MMUNER EC oicae sistant 1938 1,000 3,800,960 |2,055,944 2,796 | 2,061 32} 11]; O} 1 31 0 
47| Grand Lake, Cameron |1939 600 3,208,289 | 1,641,322 2,265] 1,456 24) 1 1 22 1 
48] Gueydan, Vermilion. .|1932 100 1,749,097 | &83,995 822 641 21) 10} y| 1 14 1 
49| Hackberry Bay, Jef- 
2 daca TT ET ON ka 160 0 0 y y pA es a ea 0 0 
50) Happytown, St. Mar- 
inion ene ret 1939 80 296,621 | 169,167 248 0 2} O; O} O 2 0 
51] Horseshoe Bayou, St. 
0. Ta ats) ane Pe 1937 400 1,458,924 | 444,263 476 166 7; I) yj O 5 1 
t 52 Iberia, Iberia........ 1917 300 24,679,909 |2,765,871 3,597 638 92} 14; 1) 0 88 0 
53] Iowa, Calcasieu and 
Jefferson Davis..... 1931 1,000 46,238,346 |3,394 905 29,250 | 3,418 97| 8) yl 2 62 1 
54| Jeanerette, St. Mary. |1935 300 9,672,296 | 976,681 1,845 144 28) 2 2 18 1 
55] Jefferson Island, 
DDO ys hcttvoietera s 1938 140 867,231 | 349,727 894 195 11} 3) yl v 9 0 
56| Jennings, Acadia... .|1901 800 76,263,394 |4,996,807 15,426 | 3,838 702) 16} 1) 12 96 3 
57| Kenilworth, St. Ber- ‘ 
DOP sm som epuiciea cee 1935 40 108,620 25,741 217 216 2} 1 0 1 1 
58] Lafitle, Jefferson.....|1935 | 2,600 27,259,242 |4,539,122 27,670} 5,711 60] 9} 2] O 57 0 
59| Lafourche Crossing, 
DOfOurche: «scx» ses 1939 160 467,614 | 235,164 1,353 955 6) 2) 0] 0 3 22 
60| La Pice, St. James... |1939 160 196,648 | 152,970 4,868 | 2,342 4; 1) 0} 0 2 
61 whines St. John the 
ODE iat ata-ies sok 1938 120 74,7991 46,2881 3,763 | 2,612 3} 0; O} 0 0 3 
62| Lake Arthur, Jefferson a 
BES sce Spastic 1937 900 935,883 | 233,786 | 14,286] 4,983 11} 1) 0} 0 10 1 
63 See Barre, Terre- ie ” 
LL! ECT | oJ 500 17,497,939 | 223,333 703 73 40; 0 0 22 0 
64| Lake Chicot, St: Mar- 2 
CS ete aa bata «Wares 1941 80 28,106 | 28,106 39 39 2) 2) 0) 0 2 0 
65] Lake Hermitage, 
Plaquemines........ 1934 100 152,425 6,360 61 48 4, 1} Oo} 1 3 0 
66] Lake Long, Lafourche |1937 480 1,808,476 | 552,784] 15,589] 6,349 16} 5) 0} O 9 7 
67| Lake Mongoulois, St. 
DM Gin Ar cece « snes 1939 30 61,8181} 52,6921 2,337 | 2,199 3) 0; y| O 2 7] 
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TABLE 1.—(Continued) 


390 


Oil-Pro- 
action Ch: D Z 
ethods, aracter of Oil i ; eepest Zone Tested 
End of Producing Formation to End of 1941 
1941 
Number 
of Wells 
5 seule 
3 a N Range of Pro- & g 
Ba} 4 
E a <3 g | cee y » | ducing Sands |S & tal Hama weit 
2\ 2/8 _| Zeme |2S 3 | 2 BBE) 3 hee 
g| & |S8| gece Ss yoni a. ke Blah] 8 ae 
me jd) oes Be ods fe ee Be zla<| # am 
33] 3 0 35 MioU $ 25 8,800-11,300 | 4) 15} D | U. Miocene 12,015 
34! 10 0 33-52 MioU 8 Por | 6,700- 7,600 | 2} 45) DS | U. Miocene 9,498 
35] 40 1 1 MioU S |33 2,700- 7,600 | 8] 48] DS | L. Miocene 11,667 
MioL 8 Por | 6,150-10,100 | 5) 30) DS 
36] 3 0 37 MioU ') Por | 6,400-10,500 | 4| 36) D | U. Miocene 11,098 
37| 0 17 22 MioU 5 Por | 3,074- 3,187 18} DS 9,184 
36 0.04) Cockfield Eoc S Por | 6,400 1} 20) D | Wilcox 11,935 
38] 85 9 48 Sparta Eoc 8 Por | 7,600 1) 20) 
42 Wilcox Eoc 8 22 8,500 1; 100} D 
39] 7 0 55 MioU 8 29 8,700-11,600 | 5} 30) D | L. Miocene 12,005 
40| 2 2 ies Ple S | 20 620- 1,100 | 2) 25} DS | Miocene 12,125 
: 35 MioU iS) Por | 6,700- 8,700 | 3} 25) DS 
41) 0 0 44 MioU S | Por} 5,500 1} 35} DS | U. Miocene 10,725 
42) 30 0 35 MioU Sy) 28 4,100— 6,900 |11} 33) DS | U. Miocene 7,418 
43] 21 0 38 MioU 8 32 8,600— 9,450 | 5] 100} DS | U. Miocene 11,440 
44 1s | 24] {31 MioU | § | Por | 5,220- 5,400 | 3} 30} D | Vicksburg 9,240 
36 MioL NS) Por | 6,400- 7,050 | 9} 10) D 
45/159 31 36 MioU iS) 33 2,600-10,700 |19] 20} D | U. Miocene 12,526 
46) 31 0 36 MioU § Por | 6,149- 9,980 | 6} 15} D | U. Miocene 12,034 
47| 22 0 32 MioU 8 Por | 8,200— 8,900 | 5} 25) A | Miocene 11,386 
48] 10 4 { 30 MioU NS} Por | 4,000- 8,750 | 4] 35) DS | Miocene 10,154 
34 MioL iS) Por | 9,200-10,100 | 3} 70) DS 
49] 0 Pli 8 Por | 2,500 1} 50} DS | U. Miocene 11,500 
50} 2 0 41 0.12 MioL 8 30 9,750- 7,950 | 2} 385) D | L. Miocene 10,900 
54), 5 0 38 MioU 8 Por | 10,850-11,800 | 2} 27; D | Miocene 12,777 
52] 69 19 { 18 Pli Ss) Por 800 1) 50) DS | U. Miocene 9,968 
24 MioU 8 33 2,800- 8,900 |14) 85) DS 
53 54 8 30 0.09 MioU 8 Por | 3,800- 6,200 | 5| 78] D | Vicksburg 9,287 
40 MioL iS) 30 7,050- 8,100 | 4} 70} D é 
54) 16 2 35 MioU iS) 28 6,400-10,250 | 6} 34! D | U. Miocene 11,634 
55) 9 0 33 MioU S 30 3,070- 8,740 | 6} 35) DS | U. Miocene 9,921 
56] 85 1 25 MioU 8 Por | 1,000- 1,800 | 2} 16) DS | Vicksburg 10,766 
38 MioL S | 28 5,400- 8,440 | 6] 85) DS 
OMe 0 34.4 MioU 8 Por | 10,350-10,600 | 2} 20) D Miocene 11,469 
58} 57 0 37 MioU Ny 29 4,400-10,000 | 7} 45) D | U. Miocene 12,115 
59} 3 0 40.5 MioU § 31 9,350-10,120 | 4) 16| D | U. Miocene 11,000 
39.4 0.10 MioU Sy) 31 7,800 1} 50) D | L. Miocene 11,851 
6) 2} of {53 MioL | $ | Por | 11,000 1] 50] D 
61) 3 0 54 MioU 8 32 8,100- 8,900 | 3} 40) D | L. Miocene 11,005 
54 MioU 8 30 8,500 1} 50} D | 1L. Miocene 12,088 
62) 10 0 Hie MioL | § |28 | 9,900-10,100 | 2} 18] D 
63} 5 17 30 MioU iS) Por | 3,645 50} DS | Salt 11,333 
64) 2 0 48 MioU 8 Por | 8,150- 9,025 22} D | U. Miocene 9,995 
65] 0 3 31 0.06 MioU § Por | 3,190- 9,000 | 3} 23) DS | U. Miocene 9,786 
66| 9 0 45 MioU iS) Por | 9,070-10,416 | 6} 36] DS | U. Miocene 11,347 
67] 2 0 48.4 MioL S | 33 9,775 1} 60} DS | L. Miocene 10,788 
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TABLE 1.—(Continued) 


Line Number 


Field, County 


ee meee’ 


Terre- 


Lakeside, Cameron... 

Lake Washington, 
Plaquemines........ 

Lapeyrouse, Terre- 


Leeville, Lafourche. : . 
Lewisburg, Acadia... 
Lirette, Terrebonne... 
Little Cheniere, 
Cameron tense.) 


Lockport, Calcasiew. . 


Neale, Beauregard... . 
Nibletts, Jefferson 


Neth “Biton, Allen... 
North Tepetate, 

Bead RRS pov aes 
Paradis, St, Charles. . 
Pecan Lake, Cameron 
Perkins, Cameron.... 
ml Prairie, Hvange- 


bo 
Port Allen, West 
Baton Rouge........ 


Year 
of Dis- 
covery 


Port Barre, St. Landry|1929 


Potash, Plaquemines.. 
Quarantine Bay, 
UEMINES...... +. 
Raceland, Lafourche.. 
Richie, Acadia....... 
Roanoke, Jefferson 
St. Gabriel, [berville. . 
St. Martinsville, St. 
UM GPtiME toate acattions | 
Section 28, St. Martin 


Sorrento, Ascension. . 
pie nes 


souk “‘ilton, Jeffer- 
GON GTS sos = sins at 


WON case dane wane 


Starks, Calcasieu... . 


- [1925 


1937 


1937 
1938 
1941 


1934 
1941 


1935 
1940 


Total Gas Produc- 


Area, Proved Total Oil “ne Number of Oil and/or Gas 
Acres Production, Bbl. Lo pea Wells 
During 
1941 End of 1941 
: To End During | To End | During | 23 >a 
Oil | Gas? | orig41 | 1941 | of 1941 | 1941 | BS SISleBl ye |e 
gs/e\elso\2 |3. 
| 8|2|84| 23/2 
OFS | faZ] AS |G 
110 2,248,657 | 366,792 479 54 19} 0] yj} 1 13 0 
400 657,373 | 612,534 241 218 3h Fir O10 10 0 
“300 16,2761} 16,276! 945 945 3} 3} 0} 0 0 3 
200 3,065,209 | 193,315 y y 7; 0} O| O 7 0 
40 1,104 1,104 17 17 A A eo 2 0 0 
640 23,129,301 |1,612,125 2,342 308 129) 6] y| 16 76 2 
80 ,410 1,410 y y pe! 0 1 0 
850 97,5381, 63,2901) 14,003] 5,558 710.0} Soi 0 6 
80 10,079 4,963 211 211 yy oo 2 0 0 
350 14,758,372 | 304,243 2,663 114 77| O} yj 3 21 0 
700 1,169,530 | 840,463 407 324 16; 3) O|. 3 13 0 
Abandoned 5,390 0 4 0 0} Oo; OF O 0 0 
550 4,828,051 |2,010,143 8,403 | 4,162 44) 7 2 41 0 
160 16,716!| 14,760! 972 645 3} 0}; y| O 0 =| 
1,600 124,855 26,986 4,276 564 7; O|} yj} O 0 62 
1,000 1,453,834 |1,086,157 1,408 984 21) 13) 0} O 19 22 
640 4,399! 4,399! 148 148 2} 2) O| O 1 LP 
40 0 0 146 97 1; 0} y| 0 0 1 
100 253,685 | 253,685 53 53 y| 10) 10} 0 10 0 
160 283,198 | 149,047 14 7 4; 1 0 4 0 
80 lll lll 7] y 1) 2h 10) 96 0 2 
160 79,891 79,891 179 179 4) 4) 0} 0 4 0 
400 9,849,116 |1,037,918 572 109 y| 11) y| 4 43 0 
160 1,039,349 |6,553,667 404 304 15] 6] yl y 13 0 
1,200 5,051,634 |2,298,165 3,431 | 2,425 38) 12} y| 3 33 0 
210 1,774,479 | 552,591 4,218 | 2,598 10; 2} O| 0 8 2 
300 147,559 | 143,997 y y 10) 10} 0}; O 10 0 
920 9,142,252 | 628,769 1,816 | 2,642 31] 0} y| 1 15 1 
800 6,676 | 536,676 21) 21) 0} 6 21 6 
80 1,284,857 | 105,695 388 47 2} 0; O| O 2 0 
120 19,198 19,198 187 187 y| 2) lly 1 1? 
80 1,145,757 55,488 38 1 11) 0} 1} 0 7 0 
200 92,620 75,396 70 59 6| 3 1 4 1 
80 640 59,190!} 18,177! 1,632 375 1; 0} O| 0 0 1 
80 475,964 | 150,103 1,881 0 2) 0 1 1 0 
1,500 131,6381| 33,6831 7,012 | 1,752 8} 2] o| 1 0 7 
8,302,835 | 142,446 2 0.4; 35) 0} O| 3 21 0 


nei 


= &" 
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SR) 


Oil-Pro- 
Meee Ch: D t Zone Tested 
et! ter of Oil : ; eepest Zone Teste 
Ae is aracter of Oi Producing Formation to End of 1941 
1941 
Number 
of Wells te 
3 
B = Range of P, al @ 
= Ay N: nge of Pro- || 2 
g Ps < Bo | 4 oer % | ducing Sands |‘S|2 .] < Neme Re 
ES) 3 pss & 8 = > lee] © “Sy 
z\ats | Bose (bd 8 | 3 sie 8 ; 
o| &/Se| oss (Be . See alk wo] ag 
Seite) £se< tse S| gis B32] ee 
= ee a < & 4/24) & Fat 
68} 9 4 oe Pli S | Por} 1,350 1) 25] DS | U. Miocene 7,978 
34 MioU s Por | 5,200- 6,450 | 5} 47) DS 
69} 10 0 34 MioU iS] Por | 9,600-10,300 | 4; 34] D | U. Miocene 10,501 
70| 0 0 MioU 8 Por | 9,900 1} 70} D | Miocene 11,089 
camer 0 17.8 0.73) Cap rock Por | 1,150 DS | U. Miocene 6,445 
72) 0 0 37 MioU S Por | 10,900 D | U. Miocene 10,942 
73| 16 60 32 MioU 8 Por | 3,000- 9,000 |29} 33) D | U. Miocene 9,732 
74) 1 0 52 MioL § 30 10,140 1} D |L. Miocene 10,300 
75) 0 0 51 0.34 MioU 8 Por | 8,450-10,520 | 2) 50) D | U. Miocene 12,165 
76| 0 0 46.8 MioU 8 28 10,185 D | U. Miocene 10,655 
23 Pli S | Por} 1,000- 4,300 | 3 D | L. Miocene 7,902 
(WL aay 14 32 MioU iS) Por | 5,300- 5,500 | 2 D 
41 MioL 8 Por | 6,400- 6,600 | 2 D 
78| 13 0 37 Wilcox Koe iS) 22 8,150-10,800 | 3} 20) D | Wilcox 11,210 
79| 0 0 42 0.2 MioL 8 Por | 11,600 1} 16} D |L. Miocene 11,748 
80] 37 4 38 0.17 MioU § Por | 7,180 1} 26} D | L. Miocene 10,652 
36 MioL 8 Por | 7,744- 8,760 | 5} 20] D 
81} 0 0 53 MioL 8 Por ,400 1} 15} D | Vicksburg 9,010 
82 44 MioL 8 30 7,900- 9,600 | 4| 22) D | Marginulina 9,487 
83} 19 0 37.4 MioU 8 25 9,900-10,000 | 2| 22} D | U. Miocene 11,555 
84) 1 0 46 MioU 8 Por | 10,140- 1} 45) D |L. Miocene 10,820 
85} 0 0 MioL 8 Por | 7,038 25| D | Cockfield 9,450 
86] 10 0 40.5 Cockfield Eoe Sh eH 7,950 1) 50} DS | Wilcox 9,554 
87| 3 i} 30:5 MioL S |24 | 8,300- 9,100 | 2) 30} DS | L. Miocene 9,771 
88] 0 0 57 MioU 8 Por | 6,750 10} D | U. Miocene 11,732 
89! 0 0 36 MioL 8 30 9,500- 9,600 | 2} 20} D |L. Miocene 10,044 
MioU NS) Por | 1,300 DS | L. Miocene 7,213 
90| 19 24 26 MioL § 32 3,100- 6,100 |10} 40) DS 
26 Olig S Por | 3,600 1} 20) DS 
36 Claiborne Eoc 8 Por} 5,116 1} 10] DS ; 
91] 18 0 28 0.1 MioU $ Por | 4,160- 8,680 | 8) 40} DS | U. Miocene 10,027 
92] 33 0 33 MioU 8 Por | 7,719- 8,492 16] D | U. Miocene 10,536 
93) 8 0 37 MioU 8 Por | 7,200-12,100 | 3} 30) D | U. Miocene 12,196 
94! 10 0} 25 MioU $ Por | 3,500 Tas U. Miocene 4,271 
95) 9 6 37 MioL s 26 6,260— 8,850 | 6} 56} D Vicksburg 10,750 
96} 21 0 33 MioL § 28 7,770- 8,600 | 2} 110} D | L. Miocene 10,542 
OT 2 0 31 MioU 8 Por | 5,500- 1) 50 Heaving shale | 9,645 
98} 1 0 27.3 MioL 8 Por | 8, 906-10, 200 | 2) 25 DS L. Miocene 11,303 
23 0.5 Phi 8 Por 900-1 300 3} 40) DS | L. Miocene 8,004 
Boe oo1a083 MioL | S$ | Por| 4,3 1} 20| DS ak 
34 0.10 MioU $ 25 4, 634— 7,602 | 5| 15] D | Marginulina | 10,272 
100) 4 0 MioL | $§ | Por| 8,900 A) oe) 
101)’ 0 0 50 MioL 8 30 8,950 1} 30}. D | Claiborne 13,210 
102} 1 0 37.4 0.10 MioU § Por | 10,300 1} 30} D | U. Miocene 11,344 
0 31.9 MioU S 31 8,600 1) 45) D | Marginulina 10,953 
Lod ag 31.4 MioL Saaiod 8,800- 9,500 | 2} 15] D | Jackson 7,420 
18 Pli s Por 570 20) DS | U. Miocene 11 "344 
104) 1] 20) 448 MioU | § | Por]  740- 3,820 | 3} 15] DS 
20 MioL 8 Por | 4,250- 4,720 15| DS 
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Area, Proved Total Oil Total Gas Produc- | Number of Oil and/or Gas 
Acres Production, Bbl. 9 Wells 
Cu. Ft 
Year During] End of 1941 
Field, County of Dis- 1941 
os covery aes ee oes ae 
: To End | During o En ring |= so |: 
q Oil | Gash | of inst | 1941 | of i941 | 1941 |BS/B/EfES| e |e 
Zz 2.5|4/2/83| 8. | 3s 
E £5| §|2|84| 25/25 
3 OM |O |< la47] ae | a 
105} Stella, Plaquemines... |1940 500 203,246 | 182,382 323 304 6} 4) 0} 1 5 0 
106] Sulphur Mines, Cal- 
CASIO ce atte nrane 1926 200 15,943,607 | 915,070 1,125 310 130} 6) y| 0 69 0 
107| Sweet Lake, Cameron |1926 200 5,520,077 | 758,092 943 lll 22} 3) y| 1 16 1 
108} Tepetate, Acadia .. . .|1935 1,000 10,436,479 |1,420,869 y y 63} O; 1) 2 33 y 
109} Timbalier Bay, La- 
fourche. . ... {1938 80 209,574 53,940 15 4 2} 0; O| O 2 0 
110 University, East 
Baton Rouge........ 1938 900 8,706,386 |3,589,060 10,277 | 6,328 95; 7] 1) 6 77 9 
111] Unknown Pass, 
Orleans sn. ener. 1941 80 3,2991 3,2991 1 | 2} 2) O| 1 1 0 
112] Vacherie, St. James. .|1938 40 84,920 27,537 619 201 2} O| y| O 1 y 
113] Valentine, Lafourche... |1936 240 5,172,376 | 512,327 1,917 444 35} 2) y| 6 21 1 
114] Venice, Plaquemines. . |1937 300 3,201,789 |1,166,980 2,654 | 1,010 23] 7) O| 4 19 0 
115] Vermilion Bay, Jberia |1939 80 256,795 | 125,222 286 146 2} 0; O| O 2 0 
116] Ville Platte, Hvange- 
Tne: nie he aster 1937 | 4,800 14,790,507 |6,137,121 74,072 | 37,833 203} 68} 1) y | 182 16 
117| Vinton, Calcasieu... .|1910 300 43,153,153 | 324,641 2 1 448) 7) y| 5 60 0 
118} Welch, Jefferson Davis|1902 150 676,233 33,134 84 84 y| 6) yl 4 20 1 
119} West Bay, Plaque- 
MUI ES ornate tat 1940 600 424,798 | 421,166 359 159 14/ 13} 0] 0 14 0 
120| West Cote Blanche 
Bay, St. Mary...... 1940 180 445,177 | 342,126 126 96 8} 4) Oo} 1 7 0 
121| West Gueydan, Ver- 
MUON ws wee Peon 938 160 529,023 | 145,240 124 6 6} O; O| 1 5 0 
122 beled shaenigcn sod 
wrauvareane ets 1927 600 7,941,123 |2,162,957 4,162] 1,161 83} 11] y| 4 64 2 
123 West Lake Verret, St. 
Martin anoxincra cs 1938 800 955,426 | 646,283 2,142 | 1,466 23) 16} y| O| 20 2 
124) West Mermentau, 
Jefferson Davis..... 1940 13,984! 9,659! 550 310 LL OF Oe 0 1 
125| Westwego, Jefferson... |1941 120 34,490 34,490 261 261 4; 4) 0} 0 4 0 
126) White Castle, /berville|1929 200 5,182,332 | 929,876 2,259 430 25; 2) yj} O 16 0 
127 pcre Sefferson 5 
Davis... . 11938 400 700 2,746,546 |1,171,899 14,472 | 8,597 32| 8! O| 0 22 
: Total Gas Produc- 
Area, Proved Total Oil % sane Number of Oil and/or Gas 
Acres Production, Bbl. a Wells 
Year During} End of 1941 
Field, County of Dis- 1941 nen 
ve covery ea\5— 
& : = To End | During | To End | During x E 
g Oil | Gas’ | of1941 | 1941 | of 1941 | 1941 |SS/B]E @ é| ~ | w 
z a5/e|z|es| 8. | 35 
© ao} g/53] ss 
s 58] 8 [2 |82| £5 | 26 
B. Norra Lovrstana 
128] Ajax, DeSoto and 
Natchitoches........ 941 120 3,620 3,620 0 0 0 
129) Athens, Claiborne... .|1940 320 2,054! 2,054! 191 140 0 
130) Bear Creek, Bienville |1937 4,000 44,3291) 16,299 2,913 | 1,321 5 
131] Bellevue, Bossier..... 1921 | 1,360 160 | 10,393,266 | 213,981 2,566 66 0 
132] Benson, DeSoto...... 1928 820 6,494 0 107 0 0 
133] Bethany, Caddo..... 1916 20 2,560 4 1,555 4 4 0 
134| Blue Lake, Sabine... .!1928 340 5} 12,896 0 0 0 


4 Included under Waskom, 
5 Previously included under Zwolle. 
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S| 


Sugg ee a ee al 
a 
ethods, | Character of Oil j i Deepest Zone Tested 
Bad 9 Producing Formation tb End of 1941 
Number 
of Wells 2 
5 iz alg 
_ enlte Range of Pro- |“| 3 
g wo |S eos @ | -8 Name 3 3, | ducing Sands S & 3| Name te 
Z| ais | Sods |5o0 Sues wise | 8 3& 
o| & |Se| Sas lan © g g SIF wm] 8 as 
rl i Breil SSE e123 oD os S) g > =] aS 
Sy jay ose lem =n lor ae Z\a*| & a 
105) 5 o| 40 0.12 MioU § |32 | 7,000-10,000 | 4} 15} D |U. Miocene | 10,807 
1061 71 62 a MioU S | Por} 2,760 —| 20] D§ | L. Miocene 7,563 
34 MioL 5 Por | 4,850— 6,800 | 4) 28) DS 
av ze, 0 30 MioU 8 Por | 5,600— 7,300 | 8] 30) D | U. Miocene 8,928 
08} 33: 0 41.7 MioL 8 25 8,300— 9,165 | 2} 60) D | L. Miocene 9,447 
109} 1 1 ane hee . ae 5,3380— 6,760 | 2} 15) DS | Salt 8,727 
io 4,200- 7,200 | 5} 10) D |L. Mi 10,362 
iio} 77} of {48 MioL | § | Por| 9/500 i] 30| D ar 
1; 1 0 52 MioL 8 Por | 9,890 1; — | D |L. Miocene 10,405 
112} 1 0 36 0.10 MioU 5 Por | 6,345 1} 50} DS | L. Miocene 10,012 
HIS) 11 10 33 MioU 8 Por | 3,800- 6,900 | 7] 50) DS | L. Miocene 10,012 
114). 19 0 41 MioU 8 30 3,600-10,400 | 8} 65} DS | U. Miocene 10,765 
115). 2 0 33 MioU S Por | 10,217-10,760 | 2} 30) DS | U. Miocene 11,603 
11611703 12 Jecae Sparta Eoc $ 21 8,700— 8,900 | 2} 30) D | Wilcox 12,527 
36-46 Wilcox Hoe 8 21 9,600-10,000 | 4) 35) D 
117) 4 56 20 MioU 8 Por | 1,850- 3,940 | 7| 15] DS | Salt 6,939 
tis} 2 18 { 21.6 Pli § Por | 1,200 1) 15} DS | Hackberry 10,358 
47.0 MioL Sy) Por | 6,120- 7,400 | 3/5-80) DS 
119} 14 0 34 MioU 8 Por | 6,260- 7,270 | 3) 20) DS | U. Miocene 7,416 
120) 7 0 33 0.10 MioU iS) Por | 2,000- 9,200 | 7| 30) DS | L. Miocene 9,707 
121) 3 2| 39-62 MioU s Por | 6,600- 7,150 | 3} 10} D | U. Miocene 9,865 
122| 57 7 | 21 MioU NI 25 3,050 39| DS | L. Miocene 10,010 
31 MioL 8 30 4,150— 9,250 | 6} 50) DS 
123] 14 6 { 24-37 =|0.10 MioU Ny 28 1,300- 8,750 |10} 47} D | L. Miocene 11,678 
35 MioL 8 28 8,850-11,500 | 2) 45) D 
124) 0 0 56.6 MioL i) Por | 9,100 10} D | Heterostegina | 10,005 
125) 4 0 36.5 MioU 8 30 9,000 1} 30) D | U. Miocene 9,755 
126) 9 7 28 MioU S 32 5,150- 8,750 | 5} 196) DS | L. Miocene 9,400 
1271 17 3 38 MioL 5 30 7,480-. 9,200 25| D | L. Miocene 10,194 
rele 
uction 
Methods, | Character of Oil Producing Formation a a ee 
End of Meets 
1941 
Number 
of Wells Depth, Avg. Ft. : 
3 Bie 3 |8 
- 2 Name ; gl os Name aS 
Bla la | pS [sk £/) | 2 a> ge! § ig 
Z| .€ \7s Bowe o 3 “a Ae ov |H wy] 5 as 
2) /28| ases [Ss oo Soc dt eee ee be ele ae 
Sle |a4| 6364 ge 4 © Nom Ieee | sen le, Swe | an 
B. Norra Lovistana 
128) 0 1 42.4 Paluxy CreL S Por | 3,209 3,214 5| D | Paluxy 3,500 
129) 0 0 60.8 Hosston’ CreL 8 Por | 6,166 6,176 10| DF | Hosston 6,706 
Pettit CreL OL | 16 6,605 6,780 25| D_ | Hosston 8,016 
130} 0 0) 58.8 Hosston CreL: § | 12.5] 7,215 |- 7,879 | 15] D 
Nacatoch CreU 8 Por 300 425 30| DF | Cotton Valley | 6,137 
131) 0 | 162 18-19 Rodessa CreL OL | Por| 1,700 1,900 a| DU 
132) 0 0 Paluxy CreL 8 Por | 3,000 3,100 10} A | Paluxy 3,440 
Nacatoch CreU $ Por 930 1,150 25| A | Mooringsport | 3,758 
133} 0 2 Washita CreL S Por | 2,400 2,490 10} A 
Paluxy CreL s Por | 2,830 3,000 10} A 
134| 0 1| 41.9-44.9 Chalk Series CreU Cc Fis 2,100 2,500 z| T | Paluxy 4,508 
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Area Proved, Total Oil Liebe fet Number of Oil and/or Gas 
Acres Production, Bbl. Cu. Ft. Wells 
Year > 
Field, County of Dis- During End of 1941 
covery 1941 
5 . Teak To End During | To End | During Se | 
4 Oil | Gas? | of 1041 | 1941 | of i941 | 1941 |¥S|g/3 q Ziv | 
5 2S| 2/3156 S Ss 
Zz B3|8)E las! S. | Be 
2 #e|8 #2| Sa|88 
3 85) §|2 62) EO | ES 
135} Caddo (includes Hos- 
ston, Pine Island 
and Vivian areas), 
Caddo. ae ewig 1905 |60,000 5,000 |152,762,538 |3,027,954| 142,946) 2,577 |4,776/164)135) y |1,477 22 
136) 
137| Carterville-Sarepta, 
Bossier, Webster... .|1922 | 4,250 2,757,085 67,858 17,107 10 201; 2) 2) y 28 0 
138] Caspiana, Caddo.... . 1925 400 0 0 193 44 5} OF 3] 0 0 0 
139] Cedar Grove, Caddo..|1915 3,840 0 0 4 0 18} 0} 0] O 0 0 
140} Clarks, Caldwell. .... 1941 160+ 0 0 0 0 TSE SE 0 0 
141] Converse, Sabine. ...|1932 | 5,760 2,290,205 | 174,721 55 0 199} 7| 15) y 74 0 
142| Cotton Valley, on 
Websters as #5. 5a8 1936 14,000 33,358,065 |5,468,236 | 182,198 | 27,260 453} 6| 18) 53y| Sly} 35 
1936 
143] Cypress Bayou, La- 
Wale: Hedenatarts see 1941 80+ 43,409 43,409 ll ll 2} 2) O| 0 2 0 
144] Dixie, Caddo....... 1929 1,500 6 = 22,97 6 6 55) 1) 8] 0 5 0 
145} Driscoll, Bienville....|1936 1,500 12,0811 8.0751} 11,321] 2,534 4; 0}; O| 0 0 4 
146] Elm Grove, Bossier 
and Caddo......... 1916 320 14,600 3,426,703 | 110,091 | 194,424 446 249} 0) 17) y 39 4 
147| Epps, Hast and West ¥ 
Carroll............+|1928 1,280 0 0 7,548 | 1,148 SO} 01" 1 0 4 
148] Funny Louis Bayou, 
PGSQH6 . cvs. ccc 1941 160+- 0 0 0 0 i a} Oink 0 0 
149] Grand Cane, DeSoto. .|1941 40+- 0 0 0 0 LL) Ont 0 0 
150] Greenwood, Caddo. . .|1940 320 0 0 0 0 Qt Ol 2 0 0 
151| Grogan, DeSoto...... 1937 40 ‘ 28,671 0 0 0 1} 0; 0} 0 0 0 
152| Haynesville, Claiborne 
and Webster........ 1921 6,100 | 70,406,382 | 981,526 5,168 788 768| 2) 338) y | 291 0 
153] Hemphill, LaSalle .. .|1941 700 44,200 | 44,200 0 0 9} 9} O| 0 9 0 
154] Holly, DeSoto....... 1930 80 160 998,586 35,627 160 12 
155| Homer, Claiborne... .|1919 | 3,020 70,899,981 |1,034,057 7,177 436 640} 7] 0} y | 320 Ne 
156] Indian Bayou, LaSalle|1941 40+- 1 10) 0 a 0 
157| Lake Bistineau, Bien- 
POE GN 5 Selo k. Sohis 1916 5,200 13,592!) 12,2051] 22,217] 12,287 28); 4) 0] 0 0 17 
158| Larto Lake, Catahoula|1941 40+- 10,779 10,779 0 0 r YL Wet) 1) 1 0 
159} Lisbon, Claiborne... .|1936 | 8,000 1,000 9,239,281 | 936,487} 10,590] 3,036 269} 1) 21] y | 175 2 
160) Little Creek, LaSalle |1941 | 2,440 426,143 | 426,143 254 254 48 0} 2 43 3 
161} Logansport, DeSoto. .|1938 11,000 26,7621 26,7621 6,353 | 6,318 11] 9} O} 0 0 11 
162| Longwood, Caddo, .. .|1926 4,560 3,736! 7,748 315 38] 0] I] y 0 2 


Previously included under Caddo. 


ie MIUNER, JR. 230 


, TABLE 1.—(Continued) 
ne ee i et 


Oil-Pro- 
ne 
ethods, | Character of Oil > ayehianm at; Deepest Zone Tested 
End of Producing Formation to End of 1941 
1941 
Number 
of Wells Depth, Avg. Ft. 
E = le 
= oO 
: te a z clint Name % : Es 5 5 a Name cs 
me ci vlad | sea? lid Sab le ge (ae) § ‘SF 
| E Ss Fog S I by © e g baal] os Awl S do 
, §|2\|58| SaF bss ae: Ri en eae tae la aS 
; 3| o B a Se) Sa SSS eases an 
19-20.5 Nacatoch CreU 8 Por 800 1,000 30} Af | Igneous below | 11,419 
x 28-39 Saratoga-Annona | CreU C Fis 1,400 1,700 z| Af Tacs Mills ; 
: Salt 
23-44 Tokio CreU 8 Por | 2,000 2,100 20| Af 
135| 0 |1,477| 2 26-43 Paluxy CreL. S | Por} 2300 | 2:6007} z| Af 
. : Ferry Lake CreL A Fis | 2,700 a| Af 
Arcee oe be 42 2,800 2,9507 a| Af 
7 136 igo re or | 3,620 | 3,700 a| Af 
. aa a jaestos CreL S | Por} 3,900 | 4,000 | 15) Af 
- : 
137; 0 28) 26-43 Tokio CreU S Por | 2,675 3,1757 | 30) A | Cotton Valley | 10,070 
“sf 138] 0 0 { Nacatoch CreU iS] Por 800 850 20| N | Cotton Valley | 9,141 
Mg Eagleford CreU 8 Por | 2,450 2,475 8| N 
- 139} 0 0 Tokio CreU § Por | 2,450 2,500 25] A | Hosston 6,001 
: 140} 0 0 Wilcox EKoe § Por | 2,178 2,185 12) AM | Wilcox 4,006 
c 141! 0 74 45 Saratoga-Annona | CreU Cc Fis 1,600 2,100 z| Af | Hosston 8,929 
“A 41.5-42 Paluxy CreL 8 Por 3,406 3,426 20) Af 
27 -29.5 Ozan- CreU s 27 2,500 2,600 30| A | Cotton Valley | 9,198 
me sl | [51 ,-83 Rodessa Cre | S&L|24 | 3,900 | 4;7007| 35) A 
:- 49 .2-66.9 Hosston CreL § 17 5,500 5,8007|} 10) A 
a 41 -65 Cotton Valley Jor 8 17 7,900 8,6507 | 40) A 
a 
Z 143] 2 0 44 Wilcox Eoc 8 22 4,750 4,765 15} AM | Midway 5,976 
; 144; 0 5 38.4 Paluxy CreL 8 Por | 2,400 2,475 10} T | Mooringsport | 3,514 
& 145| 0 0 { Rodessa CreL OL | 16 5,860 5,885 15| D_ | Hosston 7,698 
3 Hosston CreL s 12 7,160 7,220 | 25) D 
146] 0 39 { Nacatosh CreU Ss Por 800 1,000 | 30] A | Cotton Valley | 8,647 
r 29-30.4 Ozan CreU S | Por| 1,550 | 1,750 | 12] A 
- Tokio CreU S | Por} 1,675 | 1,9307| 50) A 
: Paluxy CreL § Por | 2,400 2,500 10} A 
§ 147| 0 0 Monroe gas rock | CreU C Por | 2,302 | 2,356 | 25/D_ | Hagleford 2,820 
4 148} 0 0 Sparta Hoc 8 Por | 1,465 1,475 10 Wilcox 4,000 
S 149} @ 0 42.6 Paluxy CreU C Por | 2,820 2,858 10 Austin 2,858 
a 150) 0 0 Paluxy CreL 8 Por | 2,549 2,606 20) AM | Paluxy 2,981 
y 151] 0 0} 38-39 Paluxy CreL 8 Por | 2,929 2,934 5| D| Paluxy 2,961 
7 34.5-36 Tokio : CreU 8 Por | 2,725 2,875 25| A | Smackover 11,254 
2 152| 2 289 34.8 Rodessa CreL OL Por | 4,250 4,400 20) AL 
j 38 -41.5 Sligo CreL OL | 18 5,200 5,440 20) AL 
4 153) 8 1) 38.5-41.4 Wilcox Koc 8 28 3,623 3,9887 | 60) AM | Midway 5,301 
4 154 37-39 .2 Eagleford CreU § Por | 2,538 2,581 11) NL | Paluxy 3,373 
q 1551 0 | 320 aie ke Nacatoch CreU S Por | 1,000 1,400 50) DF | Cotton Valley | 4,504 
: 35 -38 Tokio CreU s Por | 1,900 2,000 50| DF 
q 156} 1 0 43.6 Wilcox Koc Ss Por | 4,294 4,304 10 Midway 5,905 
“ Ozan CreU $ Por | 1,950 2,100 25) AF | Cottoh Valley | 8,532 
4 1571 0 0 Tokio CreU 8 Por | 2,525 2,675 25) AF 
- Sligo CreL OL }16.5| 5,000 5,350 40| AF 
z Cotton Valley | Jur 8 12 8,400 8,532 y| AF ; 
a 158} 1 0 46.4 Wilcox Eoc 8 22 5,108 5,133 25 Midway 7,031 
a 32.1-33 Sligo CreL OL | 18.4} 5,100 5,350 10) DL | Eagle Mills 11,834 
" 159 42 Hosston CreL § Por | 5,300 5,400 7| DL 
ieee y Cotton Valley | Jur § | 13 8,400 | 8,8007| 30| DL 
, 55.6 Smackover Jur L Por | 10,150 | 10,400 | 100) D : 
ve 160) 6 37| 30-38.2 Wilcox Hoe 8 28 2,353 3,5907 | 180} A | Midway 4,124 
4 1 0 piers CreL OL | 18 4,825 | 5,020 | 50) A | Hosston 6,271 
F 161) 0 Sligo CreL | OL |12 | 51980 | 6000 | 20) A 
: Nacatoch CreU § Por 870 970 40| A | Hosston 6,065 
162| 0 0 Paluxy CreL 8 Por | 2,690 2,775 20) A 
6 Sligo CreL | OL | Por| 53590 | 5,630 | 40) A 
Hosston CreL NS) Por | 6,000 6,050 50] A 


oe eee eae ee ae ee —————————— —————— 
7 Range of producing sands. 
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Area Proved, Total Oil rar . iene Number of Oil and/or Gas 
Acres Production, Bbl. Cu. Ft. Wells _ 
Year : 
Field, County —_|of Dis- During! End of 1941 
covery 1941 

g 7 To End During | To End | During | 23 ba 
2 Oil | Gas? | ofiosi | 1941 | of 1941 | 1941 |g ZlElE2) ~ |e 
E 23/5 /8/82) 8 18. 
3 ge/ 8) s\82| Sz/ 33 
5 59) 5 | \e)] &O| Eo 
163} Monroe, Morehouse, 

Ouachita, Union. .. .|1916 251,000 0 0 |3,031,953 |216,689 |1,416) 48) 6) y 0 |1,295 
164] Nebo, LaSalle....... 1940 2,800 889,215 | 889,215 1,298 1,298 68} 61; 0} O 66 2 
165] NE. Lisbon, Claiborne|1941 320+ 0 0 1} if Op AL 0 0 
166) Oakland, Union..... 1928 40 z 2,106 0 0 0} Oo} 0 1 0 
167} Olla, LaSalle........ 1940 8,300 5,224,773 |4,249,582 3,429 | 3,382 190} 97; O| 21 184 4 
168} Pleasant Hill, DeSoto 

and Sabine......... 1927 | 2,000 1,468,294 30,007 348 73 64) 2) 5) y 25 1 
169] Red River—Bull 

Bayou, Red River, 

DeSotaRaartace she's 1912 |37,000 3,000 | 56,762,319 | 371,988 67,789 | 1,416 {1,440} 1) 16) yj} 120 24 
170) Richland, Richland... |1926 49,280 460,619 0 313} 0} 0} O 0 0 
171} Rodessa, Caddo..... . 1930 |10,000 8,000 71,691,280 |5,239,291 | 418,320 | 70,523 504] 0} 9} 248} 323 | 125 
172] Ruston, Lincoln. ... . 1937 320 0 0 0 ha) 1} 0} O} 0 0 1 
173] Shongaloo, Webster. ..|1921 150 5,600 168,096 16,237 98,123 187 94; 0} 0 0 2 
174| Shreveport, Caddo. . .|1913 2,200 6,000 4,576,145 |1,002,226 7,242 | 1,220 56) 0} 1) 3 45 0 
175] Sibley, Webster...... 1936 1,000 14,360! 7,833! 3,576 | 2,232 6} 2) 0} 0 0 6 
176| Simsboro, Lincoln. ...|1935 700 4,680! 3,2441 7,622 | 1,309 2} Oo} O| 1 0 1 
177| Sligo, Bossier........ 1922 | 2,000 13,000 2,552,362 | 837,555 | 135,867 | 25,359 159) 22) 7| y 47 41 
178] South Jena, LaSalle. .|1941 600 40,604 | 40,604 0 0 7% 7 0) 6 7 0 
179] Spider, DeSoto....... 1914 500 0 0 341 0 5} 0) 0} 0 0 0 
180] Spring Ridge, Sabine |1931 40 160 x 0 0 0 2} 0; O| O 0 0 
181] Standard, LaSalle. ...|1940 1,000 0 0 186 186 3} Ay On? 0 1 
182| Sugar Creek, Clai- 

DONLEY avon iiteunt 1930 440 4,000 1,084,389 | 493,638 59,975 | 8,468 31; 9) 0] 3 9 16 
183| Summerville, LaSalle. |1940 700 45,903 45,903 415 415 9} 8) 270 7 1 
184] Sutherlin, DeSoto... .|1920 1,280 0 0 224 0 4; 0; 0} 0 0 0 
185| Trout Creek, LaSalle |1941 700 8,356 8,356 0 0 5} 5) 0] 2 3 0 
186] Tullos—Urania— ‘ 

Georgetown, Grant, 

LaSalle, Winn...... 1925 | 6,600 25,108,384 | 790,095 0 0 529] 7] yl y| 241 0 
187| Waskom, Caddo..... 1924 1,600 25,998 3,213) 12,418 410 32} 0} 3) y 0 3 
188] White Sulphur 

Springs, LaSalle... .|1927 350 12,290 0 0 0 12} 0} 0} 0 0 0 
189} Willow Lake, 

Catahoula.......... 1941 80+ 5,268 5,268 0 0 2} 2) 0] 0 2 0 
190} Zenoria, LaSalle.... |1938 160 9 3,747 0 0 Ti tole Lay 2 0 
191) Zwolle, Sabine....... 1928 |28,000 14,428,112 | 387,963 180 0 | 382) 1] 5) y 50 0 


8 Includes three input wells. 
9 Included in Tullos-Urania total. 
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TABLE 1.—(Continued) 


Oil-Pro- 
Methods, | Cha 
et! racter of Oil Producing F ; Deepest Zone Tested 
End of sien ltdh i Ser to End of 1941 
1941 
Number 
of Wells Depth, Avg. Ft. 
te cal oO 
2 AY Name 4 \¢ N. 
g | So! 2 -8 % > Es) = & > see pe 
z| 28 ee Eis 2 13/ ge |e) 3 si 
a o| FE lSe|] Foss lan S s ‘a Ay @ os | 3 mel’) 
2|2\58| £3b- jee Soe Wel SS Se Sele Bs 
Ble /a5] 5 A = So tay e | a tet) a ae 
CreU| C Por | 2,145 2,205 30} MC | Morehouse 1 
ae 0 : MORK Ss gas rock { CreU| S | Por| 2,265 | 2,430 | 10| MC Lele 
164] 38 28] 39-43.2 Wilcox Hoe 8 25 3,359 4,0907 | 315} AL | Midway 5,093 
_ ‘ 0 65.1 Hosston ae : ad an 5,180 35| N= | Hosston 6,185 
: Te 5 or ,200 2,300 10 U. Cretaceous | 3,001 
; 167| 82 102} 26.1-31.7 Wilcox Eoc 8 20 2,040 2,7907 | 154) AL | Lower Glen 8,997 
Rose 
168} 0 25) 40.4-42.5 Paluxy CreL § Por | 3,100 3,250 15| N | Mooringsport | 5,063 
- Nacatoch CreU i) Por 725 1,000 30| AF | Hosston 6,479 
169} 0| 120 Saratoga- CreU C | Por} 850 | 1,050 | z| AF ‘ 
; Annona 
Paluxy CreL 5 Por | 2,450 3,5007 | 10) AF 
mo «~=—«170) 0 0 Tokio CreU 8 Por | 2,349 2,447 76| A | Cotton Valley | 9,986 
171)142 181 40-70 Rodessa CreL oa 15-25) 5,400 6,1007 | 125] AF | Eagle Mills 11,486 
a 172} 0 0 Sligo CreL OL | Por | 5,300 5,325 20| A | Hosston 5,822 
173] 0 0 { 29 Tokio CreU Sy) 20 2,600 2,675 15| A | Cotton Valley | 10,462 
’ 49.8-64.8 Cotton Valley Jur § 10 8,850 9,2007| 30] A 
“A Nacatoch CreU 8 Por 875 1,025 25) A | Cotton Valley | 8,690 
174} 16 29 Tokio CreU 8 Por | 2,450 2,500 10| A 
¢ Sligo CreL OL | 18 5,550 5,620 15| A 
‘4 175) 0 0 58.2 Rodessa CreL OL | 15 5,500 5,750 35| A | Cotton Valley | 10,383 
y 176| 0 0 { Rodessa CreL OL | 17 5,280 5,292 12| D | Cotton Valley | 10,002 
- Hosston CreL S 12.5] 6,460 6,540 25) D 
: Nacatoch CreU Ny} Por 830 1,060 | 40} Df | Hosston 6,112 
7 Ozan CreU S Por | 1,600 1,800 15| Df 
‘ Tokio CreU 8 Por | 2,460 2,630 10| Df 
177| 0 47 Paluxy CreL 8 Por | 2,640 2,810 15| Df 
# 41 -42.5 Mooringsport CreL L Por | 3,000 3,200 10} Df 
7” 56.7 Rodessa CreL OL | 15 4,150 4,450 30| Df 
J 49 .5-49.9 Sligo CreL OL | 17 4,925 5,275 50| Df 
. 178] 7 0} + 33-48.4 Wilcox Eoe s 26 3,272 3,7767 | 51) NL | Midway 5,062 
; 179} 0 0 Paluxy CreL § Por | 2,800 3,100 20| A | Hosston 6,063 
5 180} 0 0 39 Paluxy CreL S Por | 3,350 3,370 5| D | Mooringsport | 3,723 
5 181} 0 0 Wilcox Koc 8 28 2,164 2,4857 | 52) NL | U. Cretaceous | 5,097 
; Rodessa CreL OL | 18 4,300 4,600 13} A | Cotton Valley | 10,759 
4 182) 9 0| < 32,.4-37 Sligo CreL OL | 14 4,900 5,5007 | 50) A 
{ 34 -34.2 Hosston CreL § 25 5,550 5,820 18} AL 7 
‘ 183) 0 7| + 28.4-83 Wilcox Eoe Sao 2,512 3,1677 | 45| NL | Midway 4,071 
d 184) 0 0 Paluxy CreL 8 Por | 2,775 2,925 10} D | Paluxy 8,008 
185) 3 0} 35.2-43.2 Wilcox Eoc 8 28 3,168 3,6147 | 49} NL | Midway 4,810 
: 186; 0 241) 21.1-22.1 Wilcox Koc 8 Por | 1,490 1,609 9} Nf | Tokio 6,463 
a Nacatoch CreU 8 Por 925 1,075 30| A. | Hossion 6,400 
187| 0 0 Tokio CreU § Por | 1,875 2,3507 | 50) A 
; Paluxy CreL iS] Por | 2,540 2,750 30 
J Hosston CreL 8 12.5} ~ 6,157 6,185 15} A 
c 188} 0 0 20 Cockfield Eoe 8 Por 794 804 9| NF | Wilcox 2,485 
189} 2 0 36.5 Wilcox Eoc $ 22 5,533 5,539 20 Midway 6,810 
190) 0 2 19-20 Wilcox Koc § Por | 1,612 1,684 9| T | Midway 4,072 
4 191; 0 50 41.5 Annona CreU Cc Fis 2,100 2,500 z| A | Rodessa 6,178 
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TABLE 2.—Wildcat Wells Completed in Louisiana during 1941 


Location Date | Total 4 
Parish Operator Lease and Well Aban- |Depth,| Abandoned Remarks 
Number doned | Ft. ae 
Sec. | Twp.| Rge. 
Sours Louisiana 
Acadis.s2:< 0:3 es Danciger O. & R. ay _ Thibo-| 73 | 78 | 2E | 9/24/41} 9,514) L.Miocene | Church Point Prospect 
Co. aux No. 1 , ‘ 
Allens... Fenris WT. Burton Seer g Nat. 21 | 58 | 3 W| 8/27/41) 10,980} Claiborne 8. E. Oberlin area 
Bank No. 1 
F. K. Campbell | James Bowles No.| 14 | 38 | 6 W| 9/19/41| 7,795) Oligocene 
J. A. Hafner Pierce Nevils No.1) 10 | 7S | 6 W/12/10/41| 8,014) Oligocene Indian Village area 
Assumption....| Geo. Echols Armelise Planting} 14 |128 |12 E |10/25/41| 8,897) Miocene Napoleonville dome. _ 
Co. No. 1 Salt 8897 ft.; various 
cores showing oil— 
too tight 
Shell State Grassy Lake 158 |13 E | 1/11/41] 10,804) Miocene 
Re | 
B ogard....| Atlantic Ref. Co. | Rice Ld. & Lbr.| 30 | 45 |10 W| 6/19/41) 10,002) Wilcox Test in Newlin area, 6 
eauregar antic Re oe eee /' mi SE, Neale field 
Humble O. & R.| Edgewood Land & | 25 | 6S |10 W| 7/18/41) 11,541) Wilcox Test on Abbie Joe pros- 
Co. Logging Co. No. pect; had show but un- 
B-1 able to test because of 
mechanical difficulties 
Calcasieu...... Hecate, Inc. A.8. Vincent No.1/ 36 {108 |10 W| 9/—/41| 3,140} U.Miocene | No date of abandon- 
ment 
Gulf Ref. Co. Calcasieu Nat. 18 |11S | 5 W)| 7/21/41) 10,534| L.Miocene | Blew out and caught 
Bank No. 1 fire 
Pan-American La. — : Live-| 8 |11S | 9 Wj) 8/ 7/41] 10,411] L.Miocene | Moss Lake prospect 
stock No. 
Cameron...... John Mayo orgs Fox Sch.| 16 |15S |14W| 7/ 7/41) 6,010) Miocene 
. No. 
E. Baton Rouge aes Progress Oil | Nelson No. 1 74 | 8S | 1 E |12/ 7/41) 10,310] L.Miocene 
0. 
Evangeline..... Bering Oil Co. y G. Z.-Fruge No.| 10 | 6S | 2W| 2/23/41] 8,075) Oligocene North Basile prospect 
The Texas Co. LaDanois Land & | 35 | 38 | 1W/11/18/41! 9,993] Sparta Test on SW. flank Pine 
Stone Co. No. 1 Prairie; 2 mi. W. of 
pg os: and 500 ft. 
ow. 
Devid'rs saris Gulf Ref. Co. Petit Anse No.1 | 59 |13S | 6E | 6/ 4/41) 12,012] Miocene Sidetracked to 9545 ft. 
Plymouth Oil Co. | F. B. Williams 33 {128 {11 E | 9/13/41) 11,850) Miocene 3 mi. SE. Bayou Pigeon 
: Cypress Co. No. 1 field 
Tberville....... Congo Oil Co. Dreyfuss No. 1 61 | 7S | 9 E | 8/15/41) 10,008 L.Miocene | Rosedale prospect 
Jefferson....... Titanic Oil Co. Marrero Land Co.| 2 |13 |22E | 1/18/41/10,004| U.Miocene | Temporarily completed 
No.1 — field, then 
ju 
Lafourche...... Gulf Ref. Co. “octed sane 7,| 8 |218 |21 E |10/ 1/41) 12,905) U.Miocene 
i) 9 “ ” 
Gulf Ref. Co. State “PP” No. 1 238 |23 E | 9/19/41] 3,004] U.Miocene |Bay Marchand, 
; > destroyed by storm 
Plaquemine. ...] Phillips Petr. Co. | State No. 1 48 |208 |29 E | 3/24/41] 12,280] U.Miocene 
St. Bernard. ...| The California Co. | Biloxi Marsh Lds.| 25 |128 |16 E | 3/12/41] 11,173] U.Miocene | Blew out at 8775 ft., 
0. No. 1 40; possible gas 
show 8506-8508 ft. 
St. Helena..... Humble O. & R. | Great Southern 20 | 1 5 E | 9/19/41) 8,333] Wilcox 
Co. Lbr. Co. No. 1 
St. Landry..... Bowles, W. V. sees “PP” No.| 26 | 6 7/30/41) 8,586) L.Miocene 
Ped & Bartle | C, Richard No.1 | 25 | 8S | 3E | 8/30/41] 9,010] L.Miocene 
Sun Oil Co. Lary Ris Tract} 48 | 8S | 4E | 7/ 3/41] 1,538] Pliocene Core test well 
Sun Oil Co. rom ee Tract| 49 | 8S | 4E | 7/15/41] 1,541] Pliocene Core test well 
o. A- 
Sun Oil Co. hep Core Tract | 13 | 88 | 3E | 7/23/41] 1,473] Pliocene Core test well 
; 0. A- 
St. Martin..... Bennett, F. W. Darby Est. No.1 | 56 118 | 6E | 1/10/41) 9,526] U.Miocene 
elis, Wn. J. J. Marin No.1 | 82 | 98 | 7E | 1/27/41] 1,181 Section 28 dome 
Shell Grassy Lake No.1] 11 |15 |13 E | 1/13/41] 10,804] U.Miocene 
St. Mary...... Baldwin Minerals as Sugar Co.| 55 {14S | 9E | 5/ 1/41] 2,646] U.Miocene 
Bateman, KE. G.,| W.P. Foster No.1] 38 [158 | 9 E | 3/31/41] 10,952] U.Miocene | Several oil and gas 
et a ows re 
aed he Avoca, Inc. No, 1] 45 {168 |13 E | 5/27/41] 11,027] U.Miocene | Avoca Island prospect 
cre le O. & R. — Corp. No.| 15/158 | 6B | 3/ 7/41] 11,215] U.Miocene | Cypremort Point 
The Texas Co, Reade we Blanche 158 | 7E | 4/11/41] 5,454! U.Miocene 
s. No. ‘ 


1882 sandy limestone 
with salt 
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TABLE 2.—(Continued) 
“ 
Location 
, Date | Total 
Parish Operator aes ce Well ee Depth, Abandoned Remarks 
ey doned | Ft, nm 
Sec. | Twp.| Rge. 
The Texas Co, State Rabbit Is. 1/16/41] 8,245) U.Miocene | Oil show at 5850 ft.; in 
No. 1 : Atchafalaya Bay 
St. Tammany ..| Burton W. T. State Lake Pont- 8S |10 EB | 2/22/41} 8,300] Miocene 
chartrain No. 5 
Burton, W. T. State Lake Pont- 4/ 6/41| 9,335] Miocene Tn lake 
¢ ; chartrain No. 6 
q Terrebonne, .. .| Barnsdall Nelson Develop-| 3 |218 |11 E | 1/13/41] 11,401] U-Miocene | Pointe Au Fer 
" : ment Co. No, 2 
P Bering Oil Co. Mrs. Willie A.| 9 /16S |16 E | 5/17/41| 10,522] U.Miocene 
¥ Land No. 1 
7 Sinclair-Prairie Aragoe Plant. No.| 5 {185 |19 E | 4/27/41] 11,620] U.Miocene | Bourg area 
' Sinclair-Prairie = 2 Duplantis | 12 |18S |18 E | 7/27/41) 11,007| U.Miocene | Bourg area 
0. 
- Stanolind Oil &| Continental Ld. & | 34 |17S |14 EB | 2/24/41) 11,010] U.Miocene | Piquant area 
7 Gas Co. Fur Co. No. 1 ; 
5 Stanolind Oil &| Realty Operators, |102 |17S |17 E | 6/10/41) 11,328] U.Miocene 
a Gas Co. Inc. No. 1 
| The Texas Co. tate Coon Point 3/30/41) 10,080] U.Miocene | Caillou Island Bay 
0. 5 : 
=a Vermilion...... Cities Service Co. | Homeseekers Dev.| 11 [11S | 1 E | 6/22/41) 10,505] U.Miocene 
= Co. No. 1 
ye 
ve Norra Lovurstana 
id Avoyelles...... Cockburn, MHar-| Snowden Est. No.| 22 | 3N| 5 E |} 9/18/41] 7,210] Wilcox Lake Latagnier pros- 
a grove & Bateman} 1 pect; show 6693-6695 
(W. C. Brock) ft. in Wilcox; tested 
; ; oil and salt water 
J. A. Humphrey | P. Frazee No. 1 6 |3N]3E| 8/19/41) 6,890} Wilcox 
a 8. W. Richardson | HaasLand Co. No.| 30 | 18 | 2E | 6/16/41| 8,848] Wilcox Wilcox test between 
“z I Cheneyville and Eola 
Bossier. ....... R. L. Reese Bellevue Ld. Co. | 27 |20 N |11 W} 6/23/41} 3,135) L.Cre. NW. flank Bellevue 
;- No. 1 structure; perf. 2847— 
2857 ft. tested salt 
A water 
A G.D. Stevens | Bellevue Ld. Co.| 27 |20N |11 W| 5/30/41] 3,005) L. Cre. NW. flank Bellevue 
‘ No. 1 structure; show 2831- 
2849 ft. tested salt 
A ; water 
x Caldwell.......| Carter Oil Co. 5 Sonia Lbr.| 22 13 N | 2 E |12/19/41) 3,257) L. Wilcox 
: 0. No. 1 3 
3 D. J. Crawford es ae Lbr.| 30 |12N |] 4E | 1/24/41) 2,524] Wilcox 
, 0. No. 1 
D. Frankel, Jr. La. cual Lbr.| 7 |11 N| 4E | 9/26/41) 3,501) Wilcox 
; Co. No. 
. Mudge Oil Co. prereset 5 |11 NN] 4 EB /12/10/41) 3,516) Wilcox 
y ae er Co 
V. V. Ryan a, Central Lbr.| 16 |12N | 4 E | 1/25/41] 3,020) Wilcox 
ie No. ¢ 
- Catahoula. .... O. C. Borah G.C. Womack No.| 54 | 9N| 5 E /11/ 7/41] 5,572) U.Midway 
E 1 é 
Carter Oil Co. Tensas Delta No.| 30 | 6NJ 5 E /12/19/41) 6,197) U.Midway 
1-G : 
Delta Drill. Co. & | W. R. Davis, Inc.| 1 | 4N] 5 E |12/15/41) 5,325) Wilcox Stuck be Pipe a 
yall moves. to new loc. for 
H. H. Coffield No. WR Dove No Aad 
Delta Drill. Co. & | W. ee Lares Inc.| 1 | 4N] 5H /12/28/41) 6,252] Wilcox 
H. H. Coffield No. A-1 
Roy L. Fisher . W. Bradford] 29 | 7N|5E| 9/16/41] 5,885) U.Midway 
No. 1 3 
H, L. Hunt B. D. Andergson| 31 |10N| 6E | 3/ 2/41) 5,215] L.Wilcox 
No. 1 : 
H. L. Hunt ee Oil Co.| 9 |10N] 5H | 9/24/41) 5,040) L.Wilcox 
H. L. Hunt vet Lbr.| 9 | 9N] 6E ]11/ 2/41) 9,451) L.Cre. Deep test well drilled 
ime TaN o. A-2 ? near Harrisonburg 
H. L. Hunt La. Hdw. whens 7 |4N!]/5E |12/ 6/41] 6,680] Wilcox 
Delta No. A-1 ; 
H. L, Hunt Southern ee 19 |10N| 6E | 3/24/41) 5,250) L. Wilcox 
Lhbr. Co. No. - 
A. Harais No.1] 18 | 7N | 6 E 12/13/41] 6,349) U.Midway 
Phil Petr. Co. ae Delta No.| 21 | 6N| 5B |12/25/41) 6,350) U.Midway 
F-1 
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TABLE 2.—(Continued) 


aaa 


Location Date | Total 
: Lease and Well é. Abandoned 
Parish Operator oN deny c rt ae in Remarks 
; Sec. | Twp.| Rge. 
Placid Oil Co. Calvert, et al. No.| 35 | 7N | 6 E |12/21/41) 6,573) L. Wilcox 
1 © Z 
Placid Oil Co. rag thd & Mfg.| 21 | 7N | 6 E |12/13/41| 6,591) U.Midway 
Co. No. 1 4 
Placid Oil Co. ie a. Lbr. | 21 |10N | 6 E 12/20/41] 4,617} L. Wilcox 
Jo. No. A- ‘ 
Claiborne... ...| R. H. Crow T. F. O'Bannon | 30 |22N | 4W| 8/14/41] 5,431) Hosston N. flank Lisbon struc- 
No. 1 ture, 4 mi. from 
production 
Skelly Oil Co. J.G. Dance No.1} 31 |20N | 6 W| 6/28/41] 6,708] Hosston Defined Pettit produc- 
tion at Athens 14 mi. . 
E. of production and 
215 ft. lower on base 
Ferry Lake 
H. R. Wright, Jr. | Mrs. A. M. Rain-| 16 |22N | 5 W| 5/ 7/41| 5,513] Hosston Sligo test on NW. flank 
ach No. 1 Lisbon structure 6 mi. 
from production 
Concordia... .. True Cauble oe Ins. Co.| 44 | 7N] 6 E [12/23/41| 6,220) Wilcox 
0. 
Elliot & Woodley pie Plant., et | 33. | 8N | 8 E |12/16/41| 6,587} Wilcox 
al. No. 1 
J. K. Hughes D.L. Nelson No.1} 84 | 9N |10 E | 3/22/41) 2,384) Sparta 
J. K. Hughes & | Merrill No. 1 23 | 7N | 9E /11/12/41} 6,760) Wilcox 
C. M. Barnes 
De Soto....... W.L. Hamilton |§. A. Kidd No.1 | 36 |12 N |14W)| 6/—/41| 2,068) U.Cre. : ’ 
The Hunter Co. ae - 8. Baker| 6 |11 N |14 W|12/27/41| 6,063) Hosston Sligo test in old Spider 
0. area 
G. H. Neighbors |I. D. Bufkin Est.| 11 |10 N |11 W| 6/24/41] 3,310] Paluxy 144 mi. NW. produe- 
No. 1 tion at Ajax 
G. H. Neighbors | C. R. King No.1 | 12 |10 N |11 W| 8/23/41) 3,300) Paluxy 16 agra of production 
Schubert Oil Co. | Scott No, 1 29 |14.N [13 W| 4/15/41] 3,007] L.Cre. Old Holly area 
Franklin.......| Crown Central H.B. Womble No.| 11 |12N | 8 E | 7/28/41) 4,510) Wilcox About 4 mi. §. of 
Petr. Corp. 1 Gilbert salt dome 
Grubb & Hawkins | J x oh Campbell | 1 |11N]| 7E | 8/30/41] 4,526] Wilcox Extension area 
0. 
H. L. Hunt ime MillsLbr.| 21 |12 N | 9 E |10/ 1/41] 4,485] Wilcox 
‘0. 
J. M. Rush M. V. Moore No.1} 18 |11N | 6 E | 4/14/41) 4,503 | Wilcox 
J. B. White, et al. | A. M. Dailey 1 |11N] 6E | 4/ 1/41 3. ,016| Wilcox 
Grants ic acicr ss Bering Oil Co. Gorties Oil Co.| 18 | SN} 1W}] 1/26/41] 4 "658 U.Midway 
0. 
R. C. Bowers i pizaies Est. No.| 15 | 9N]| 1E | 6/ 2/41] 1,602] Wilcox Georgetown area 
Bert Fields Pe pr McManus} 8 | 8N} 4W| 6/ 5/41] 3,560] Wilcox 
Herton Oil Co, a a McNeely | 10 | 6N] 3E | 9/14/41} 5,509} Wilcox 
st. 
H. L. Hunt Goodpine No. F-1| 12 | 8N | 2W| 8/18/41] 4,805] U.Midway ? 
H. L. Hunt Goodpine No. F-4| 16 | 8N | 1E |10/18/41| 4,643] U.Midway 
H. L. Hunt Goodpine No. F-5 | 22. | 8N | 1 W/10/27/41| 5,075) U.Midway 
H. L. Hunt Goodpine No. F-6| 29 | 9N | 1E | 9/21/41] 4,273) U.Midway 
H. L. Hunt Goodpine No. F-7| 24 | 8N | 1W] 9/25/41] 4,060] Wilcox 
H. L. Hunt Goodpine No. F-10| 34 | 9 N | 1W 10/19/41] 4,576] U.Midway 
E. F. Neely A. McAdams No.1] 19 | 6N | 2E | 8/17/41) 4 634 Wilcox 
Placid Oil Co. ities No. F-| 2 | 8N} 2W|12/24/41 4) ,666| Midway 
Lava H. Smith, et | Swope No. 1 16 | 9N| 1E | 6/ 2/41] 3,995] U.Midway | Georgetown area 
al, 
La Salle....... O. K. Allen, Jr. le Soe Lbr. | 29 | 9N| 3E |} 9/25/41] 3,511] Wilcox 
‘0. No, A- 
Allen & Breedlove |M. Powell Est. | 32 |11N|3E | 1/16/41] 2 i 
Ol & Gas Co. No. 1 /16/: 350} Wilcox Standard area 
Ark. Fuel Oil Co. Brien! Lbr. Co.| 13 | 9N | 1E | 7/ 8/41| 3,352] Wilcox 
o. D- 
R. J. B. Abshire fee Lbr. Co.} 10 |10 N | 2 E /12/ 8/41] 2,483] Wilcox Wildcat drilled between 
‘ Oo, Olla and Urania fields 
Carter Oil Co. Tensas Delta No.| 5 | 5 N | 4 E |10/26/41| 6,095) Wilcox eo ae 
H.L. Hunt econeiye tbs; Co. | 27 | 8N|3E | 9/ 6/41] 5,187] U.Midway 
0. C- 
H. L, Hunt ee Lbr.Co.} 11 | 8N | 2 /12/10/41| 4,510} U. Midway | Wilcox test between 
No. F-16 Ret Sp ces 
‘ eek oi 
H. L. Hunt a Lbr. Co. 6N|3E | 9/ 8/41] 5,201] L. Wilcox 
o. F- 
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TABLE 2.—(Continued) 
ote nek 2 SS A aie EES 


Location Dat Total 
Parish Operator Bese an Well eee Depth Abandoned Remarks 
er * i 
Sec. | Twp.| Rge. donéd = ra 
H. L. Hunt pea eae Co. | 36 9N|4E | 9/ 7/41] 5,460] L. Wilcox 
o. F- 
H. L. Hunt oe aes Co.| 37 | 7N] 3E /11/ 5/41) 5,197] U.Midway ase ie NE.of 
o. F- bo fiel 
ia Hunter Co., | Pipes No. 1 18 | 8N | 3E | 1/18/41} 4,010] Wilcox PAs 
E. A. Landreth eee Lbr. Co.| 14 | 9N]} 2E | 6/29/41) 3,111] Wilcox ved ‘i aah iat 
: : ; 0. D- and Summerville fie 
Little River Oil Co. oy A. Whatley et| 18 | 7N | 2E | 6/27/41] 3,680] Wilcox ee a on yh ne 
al. 0! ite ulphur 
Springs struct: 
Louark Prod. Co. | Tensas Delta No.1} 27 | 6N|4E| 3/ 4/41| 5,510/U.Midway | 
Phillips Petr. Co. 
JoeL. May & Dan | La. Delta Hdw.| 20 | 7N| 4E | 9/13/41] 5,367] U.Midway 
Whatley Lbr. Co. No. 1 
Phillips Petr. Co. es Delta No.} 1 | 5N]| 4E |11/13/41| 6,472] U.Midway 
Placid Oil Co. C. F. Coon No. 1 | 39 7N | 45 /12/18/41| 5,171) U.Midway 
Placid Oil Co. Good ine tats Co.| 15 | 8N | 4E }12/29/41| 5,405} U.Midway 
o. F- 
Placid Oil Co. ei etait Co.} 2 | 8N | 3 E |12/14/41| 5,052) U.Midway 
o. F- 
Placid Oil Co. Tremont Lbr. Co.} 18 | 9N | 2E | 4/26/41) 4,151] U.Midway | Wilcox test on W. flank 
No. A-3 of Little Creek struc- 
ture 
Placid Oil Co. Le oat Lbr. Co.| 8 | 9N| 2E | 6/12/41} 3,873] L. Wilcox Vie ek pervade 
0. A- a Field and Little 
‘ Creek structure 
Placid Oil Co. Mean Lbr. Co.| 17 | 8N | 2 /12/29/41| 4,472] U.Midway 
o. A- 
Harry Shulman, |C.B. Walker No.1) 13 | 7N | 3 E |11/24/41| 4,500) Wilcox SE. of Nebo, NE. of 
et al. Hemphill 
Harry Shulman V. B. Whiddon| 9 | 9N]| 3E | Tempo- 
No. 1 rarily 
aban- 
game 
1/22/41 
eee Prairie Oil ona ey Oil Co.| 28 | 9N|3E} 1/18/41) 4,515) U.Midway 
0. 0. 
N. H. Wheless Se ae ei 26 | 7N| 48 /11/ 3/41] 5,713] U.Midway Wikies well ae of 
r. Co. No, 1- ypress Bayou fie! 
N. H. Wheless ae Ane a 3 | 5N| 3E |12/12/41| 5,996] U.Midway 
r. Co. No. 1- 
Eincoln.... <>. Herman Brown ieee Gas Co.| 11 |17N | 4W} 5/ 4/41} 10,003 Ge oA atl ae on E. fenk 
0. alley imsboro deepene 
: from 7028 ft. 
H. L. Hunt ave Tbr. Co.No.| 18 |15 N |10 E | 8/ 8/41) 3,584) Wilcox 
H. L. Hunt Me = Lancaster| 3 |14 .N |12 E | 2/26/41! 6,725] U.Cre. 
0. 
Morehouse... . . Union Prod. Co, | C.H.HinkleNo.1} 3 |21N| 7E | 6/: 26/41] 3,000} L.Cre. 
Union Prod. Co. | E.M. White No.1] 37 |20N] 6E | 5/ 2/41) 2,425) U.Cre. 
Natchitoches...| Carter Oil Co. Culpepper No.1 | 3644} 8N | 7W| 8/27/41) 3,330] Wilcox ? 
Clark & Cowden | Pierson No. 1 a7 8N]6W| 6/ 2/41] 4,101) U.Midway 
E. H. Demetrio |J.I. Winn No.1 | 25 |10 N |10W{|10/ 7/41] 1,900) U.Cre. ? 
H. L. Hunt Goodpine No. F-14| 36 |13 N | 6 W{11/17/41) 5,788] L.Cre. 
W. H. Jacobson Leopold Plant. No.| 33 |11 N | 9 W| 9/ 4/41| 1,327) Midway 
Rhodes & O’ Meara ne Eas Ins. Co. | 36 |11 N 10 W| 8/ 9/41] 6,001) Sligo On Lake End prospect 
0. 
J. L. Trentman te Lbr. Co.| 31 {11 N ]10 W127 4/41] 3,510) Paluxy 
0. ; 
Rapides....... Chamblee & Pitts | Lee Lbr. Co.,Ltd.}| 6 | 5N|3E | 6/19/41} 5,010 Wilcox ries Dee A a H. 
Crosby Drill. Co. | J.B. Phillips No.1] 15 | 1S | 2W| 3/ 4/41} 8,360} Wilcox Glenmora area 
M. A Mar Payee Co. No.| 6 |5N]3E | 9/ 3/41] 6,120) Wilcox ? 
Navarro Oil Co. D.. K.Cooper No.1} 54 | 4N| 2W| 4/28/41] 7,033) Wilcox High on top Wilcox 
Placid Oil Co. cid Lbr. Co.| 11 | 4N| 5 W1/11/27/41| 6,321) Wilcox 
0. f 
Red River..... Republic Prod. Co. Piao Est. | 39 |11 N | 9 W{10/ 7/41) 6,303) Sligo Lake End prospect 
0. F 
. L. Spi M. J. House No.1] 11 |14.N |11 W| 2/28/41) 1,768] U.Cre. 
aed & La | Prud,LifeIns.Co.| 31 |11.N | 9 W} 8/—/41} 1,317] Nacatoch Lake End prospect 


Croix 


No. 1 


Suir en 


346 PETROLEUM DEVELOPMENT AND PRODUCTION IN LOUISIANA DURING I9Q4I 


TABLE 2.—(Continued) 


aa 


Locatia Date | Total 
Parish Operator Lease and Well Aban- |Depth,| Abandoned Remarks 
Number doned | Ft. a 
Sec. | Twp.| Rge. 
Sabine.........] A. R. Chestnut Thames No. 1 4 | 8N ]13 W}11/—/41| 2,062} U.Cre. a 8. production in 
onverse 
Cryer Drill. Co. | Whitney Corp.No.|' 7 | 9 N |13 W{12/ 4/41] 3,235) L.Cre. 1% mi. W. production 
1 ; in Converse 
K. E. Merren es Racy Co.,| 28 | 3N |12 W| 6/ 7/41} 4,039] Wilcox 
td, No. 1 
B. F, Philli L. B. Blankenship | 13 | 9 N |12 W|10/14/41| 3,685] L.Cre. Spring Ridge area; gas 
Me No. 1 oe as sa show 3216-3223 ft. 
Plummer & Mc-|J.K.PharesNo.1| 4 | 5N |12 W} 4/23/41) 3,571) U.Cre. Show 809-849 ft. 
Daniel 
J. E. Watts eee Land Co.| 27 |10N |11 W| 5/20/41) 3,475) L.Cre. 
0. 
TONSAS (oe - 25,0 H. L. Hunt Ayer Tbr. Co. No. | 18 {13 N |11 E | 1/14/41] 4,550) Wilcox 
2 
H. L. Hunt Chicago Mill &| 1 |11N]| 9E | 9/16/41) 4,396) Wilcox 
Lbr. Co. No. 5 ‘ 
A. Z. Phillips Hollywood No.1 | 22 |12 N |12 E {12/18/41} 6,515) U.Midway 
Unions; 2.0.60 Louark Prod. Co. en Aa etal.| 10 |20N | 1W| 5/28/41] 5,104] L.Cre. 
nit No. 
bi Exploration | J. Jones Est. No.1} 30 |21N | 3 W| 4/23/41) 3,770| L.Cre. 
0. 
Webster. ...... H. L. Hunt Pardee No. 1 36 |22N |10 W} 1/ 3/41] 6,105) Hosston 2 mi. N. of production 
at Cotton Valley 
W. G. Ray Burson Unit No.1] 35 |18N | 9 W| 3/13/41] 5,819) Rodessa 16 mi. N. production at 
Sibley and 200 ft. low 
\ on base Ferry Lake 
W: Carroll. ec Crow Drill. Co. E. L. Bruce No.1] 16 |21N} 9E | 9/27/41) 6,285) Jurassic Well taken over by 
R. T. Thornton 
Winn..........| Carter Oil Co. i Lbr. Co.| 31 |12N| 1E |12/31/41) 3,435) U.Midway ? 
0. 
H. L. Hunt Goodpine No. F-2 | 13 9N | 3W| 8/27/41) 4,668) Midway 
H. L. Hunt Goodpine No. F-3| 26 |10N | 2 W/|10/—/41| 3,136) Wilcox 
H. L. Hunt Goodpine No. F-8| 29 |10N | 1W| 9/ 4/41| 3,844) Wilcox 
H. L. Hunt Goodpine No. F-9| 9 |10N | 2W| 9/ 4/41! 3,861) Midway 
H. L. Hunt Goodpine No. F-11} 35 {10 N | 3 W/|11/17/41| 3,980) Midway 
H. L. Hunt Goodpine No. F-13} 19 |11 N | 4 W/|12/20/41| 5,337) L.Cre. . flank Coochie Brake 
ome 
Sells Petr. Co. B.M. Feazell No.1} 26 |!13 N | 3 W| 5/23/41) -4,498| Tokio 
Nat. Wissman oa, Land Co.| 23 | 9N| 6W| 7/24/41| 2,618) Wilcox 
0. : 


ently badly faulted, these dry holes have 
not, with certainty, defined the limits of 
the field. 

The Little Creek field, a 1941 discovery 
in the same area, was extended approxi- 
mately 2 miles to the northwest. 

During the past year, 30 separate and 
distinct sands were found in various 
Wilcox fields in La Salle Parish. These 
sands, although fairly prolific, contain 
considerable amounts of salt water and 
are exceedingly difficult of completion. 
Some wells have been ‘‘squeezed” as many 
as four or five times. 

Neale Field.—One of the more startling 
Wilcox discoveries in 1941 was the com- 
pletion of two wells in the Neale; field, 
Beauregard Parish, at a depth of approxi- 
mately 2500 ft. below the top of the Wilcox. 


Two different sands were found. The effect 
of this discovery strongly indicates that 
production from below the top of the Wil- 
cox may reasonably be expected anywhere 
from as far north as Caldwell Parish to as 
far south as Beauregard Parish, a downdip 
distance of at least 80 miles (Fig. 1). 

Pine Prairie —Although production was 
obtained approximately 10 years ago from 
over the top of the Pine Prairie dome, in 
Evangeline Parish, the new Cockfield 
production discovered in April 1941 on the 
east flank of the dome may be considered 
in the light of a new field. This field prob- 
ably should be considered, from a geo- 
graphical viewpoint, with south Louisiana. 
However, geologically it belongs with the 
so-called ‘“Sparta-Wilcox trend,” or, more 
precisely, with the “Conroe trend,” thus 
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linking it with central and north Louisiana. 
This field, a piercement type salt dome, will 
undoubtedly be erratic in development, as 
already indicated by various dry holes, but 
nevertheless very productive, since pro- 
duction probably will also be obtained 
‘from the Sparta and Wilcox formations. 

Ajax and Grand Cane Fields —Only two 
new Cretaceous fields were found in 
Louisiana during 1941: (1) The Ajax field, 
in Natchitoches and De Soto Parishes, 
which is productive from the Lower Cre- 
taceous, and (2) the Grande Cane field, in 
De Soto Parish, which is productive from 
the Upper Cretaceous. Both of these 
fields are comparatively small discoveries, 
but such production suggests that explora- 
tory wells in the Wilcox trend should be 
drilled down into the Cretaceous rather 
than stopped at the top of the Midway. 

The Logansport gas field, in De Soto 
Parish, received a considerable stimulus in 
1941 through a 214-mile extension of the 
Jeter lime (Rodessa formation). The well 
that extended production had an open-flow 
potential of 170,000 M cu. ft., one of the 
largest recorded in the state. 

The Sugar Creek field, in Claiborne 
Parish, was extended 34 mile in a south- 
west direction by Hassie Hunt’s William 
Deas No. 1 well. This well was completed 
in the top of the Hosston formation as the 
first oil well on the south flank of the Sugar 
Creek structure, at a depth of approxi- 
mately 5750 feet. 

Haynesville Field—New Pettit lime 
(Sligo formation) production was encount- 
ered at a depth of sooo ft. in the Haynes- 
ville field, Claiborne Parish. The discovery 
well was on the south flank. Similar pro- 
duction was also found in the central part 
of the field, at least 200 ft. higher than in 
the discovery well. 

Lisbon Field.—The first Smackover lime 
production in Louisiana was found during 
1941 in the Lisbon field, Claiborne Parish, 
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about 2 miles north of the older producing 
area. The production is gas condensate. 
The gas probably can be used advan- 
tageously for repressuring the older produc- 
ing sand in the area. Gas production was 
discovered also about 3 miles from the 
older production on the northeast flank 
of the Lisbon structure, in the upper part 
of the Hosston formation, at approximately 
5100 ft. in depth. 


Witpcat WELLS 


A total of 175 wildcat, or exploratory, 
wells were drilled in Louisiana during 1941. 
Thirty of these wells found new fields. 
Approximately 17 per cent, therefore, were 
successful. 

Ninety-three wildcat wells were drilled 
in search of Wilcox production: 45 for 
production from the Miocene; 23 from the 
Lower Cretaceous; nine, from the Upper 
Cretaceous; three, from Cockfield and 
Sparta; two, from the Jurassic. It is 
evident from these figures that in south 
Louisiana the chief interest continued to 
be in Miocene sands associated with domal- 
type structures. In north Louisiana, the 
Wilcox attracted most of the interest, the 
Lower Cretaceous running a poor second. 

Some of these wildcat wells encountered 
interesting “shows” and probably will 
encourage further drilling. Others were 
without any merit. Some of the wells 
encountering no oil or gas revealed encour- 
aging structural information and probably 
will assist in developing future programs 
of exploration. 
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Oil and Gas Development in Michigan during 1941 


By THEeron Wasson,* Memser A.I.M.E. 


Tue discovery of two new fields—the 
Reed City area of Osceola County and the 
Headquarters field, of Roscommon County 
—and the important development in 
Winterfield township, Clare County, again 
demonstrate the fact that it is the unknown 
and unexpected that enter very definitely 
into the oil-producing history of Michigan. 
This is particularly true in the area of thick 
glacial drift in the north central part of 
the state, where the new prolific fields 
have been discovered this year. This shifts 
the interest from the southwestern part 
of the lower peninsula, where a number of 
pools were rapidly developed during 1939 
and 1940, back into the Central Basin area. 

As a result of strict proration in the new 
areas, the production for the state of 
Michigan for the year has not been as 
great as in 1940 or 1939. In 1941 the total 
production was 16,300,000 bbl., in 1940 it 
was 19,551,000 bbl., and in 1939, which 
was the peak year, it was 23,300,000 bbl. 
However, the discovery of the new fields 
this year nearly doubles the estimated 
reserves for Michigan reported at the end 
of 1940. In 1941 about 12,000,000 bbl. 
of oil was produced from the older fields, 
in which the individual well productions 
were so small that proration was not an 
important factor. 

The total production for the state from 
the discovery of oil in 1925 through 1941 
now stands at 161,205,000 barrels. 


ActTIVE O1L FIELps 


Reed City Field—In the Reed City field, 
Lincoln township, Osceola County, only 


Manuscript received at the office of the Institute 
April 24, 1942. 

* Chief Geologist, The Pure Oil Co., Chicago, 
Illinois. 


small oil wells were completed during 1939 
and 1940. The discovery of much larger 
production in wells drilled somewhat 
deeper, by The Pure Oil Co. and the Weber | 
Oil Co., in the early part of 1941, led to 
the rapid development in this area. Some 
wells have had initial productions as high 
as 10,000 bbl. By the end of the year 
111 producing wells were completed, with 
an average depth of 3600 ft., from the 
Detroit River formation of Devonian age. 
The entire development of the field to the 
end of 1941 was on 20-acre spacing. 

Headquarters Field—The Headquarters 
field, which lies along the line between 
Clare and Roscommon Counties, was one 
of the most important discoveries of 1941 
and will be the scene of vigorous develop- 
ment during 1942. Production so far has 
been from the Traverse lime at about 
3400 ft., and development has indicated 
that this is probably one of the most 
productive Traverse pools yet discovered. 
One well had been given a potential of 
10,000 bbl. per day. Dry holes well located 
in relation to big producers indicate that 
it is a typical Traverse development. 

Winterfield Field.—This field, in Winter- 
field township, Clare County, was discov- 
ered late in 1940. By December 10941, 
14 Dundee and 5 Traverse producers had 
been completed. The Dundee lime is 
found at a depth of 3750 ft. and the 
Traverse lime at 3070 ft. Producing con- 
ditions in the Dundee seem to be erratic 
because of varying porosity in the dolomit- 
ized limestone. 

Kawkawlin Field—The Kawkawlin field, 
which was discovered by the Gulf Refining 
Co. in 1938, is in Monitor and Kawkawlin 
townships, Bay County. Small production 
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has been obtained from the Berea at 
1500 ft. and the Dundee at 2740 ft. Shows 
of oil have been obtained in deeper horizons 
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Active GaAs FIELps 
Drilling for shallow gas in the Stray 


sand to depths of about 1450 ft. continued 
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Fic. 1.—OIL AND GAS FIELDS OF MICHIGAN IN Ig4I. 


in the Bateson No. 1, which was drilled 
to a total depth of 10,477 ft. 

Muskrat Lake Field.—Southwestern 
Michigan, during 1941, had _ consider- 
able drilling activity, and the Muskrat 
Lake field, of Bloomingdale township, Van 
Buren County, was probably the most 
important area discovered. By the end of 
the year, 42 producing wells had been com- 
pleted in this field, having a combined 
initial production of about 3000 bbl. 
Muskrat Lake is in an area of many small 
fields and further drilling will make it diffi- 
cult to distinguish one field from the other. 


in the Winterfield area of Clare County, 
where 29 gas wells were completed, and in 
the Reed City area, where 25 wells were 
completed. Gas development continued in 
Riverside township, Missaukee County. 
All drilling in these fields up to Dec. 23, 
1941, was on the basis of one well to 
160 acres. Previously discovered gas fields, 
such as Six Lakes field of Montcalm County 
and others, continued to produce but had 
very little new development. 


WILDCcAT DRILLING 


The most important test of 1941 was 
the Gulf Bateson No. 1, in the Kawkawlin 
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TaBLE 1.—Oil and Gas Production in Michigan 


o cooocoweo © 


Total Gas ’ 
Area Proved, | Total Oil Production,} Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During f 1941 
Field, County PB 1941 tee 
> 
° . on 

& 3 : >| ToEnd | During el >al 
2 B | Oil | Gas* | rica | 1941 BE/ElEfesle |y 
z 8 BE | eS /el sles 8. [es 
° Fi Am | 5S (88/8) 3\8s| 82 [82 
: : oe | #2 | 85|2|2 (24) 88 ea 
Ra a Bc lA (63 (5/4 e714 aS 

1| Adams, Arente.. 2.20.3 ..c02s000: 1937} 1,010 0} 1,548,983) 1,115,597 0 0} 54} 26) O| 0 48 

2| Akron-Wisner, Tuscola............. 1936 0 0 88,949 73,627 0 0} 12} O}| O| 0 

3! Austin, Mecosta, a. n:\Sad a pwecetes 1935 0} 2,200 0 * 0} 5,758 102} 29) O| 2) O 1 

4| Bangor, Van Buren.............0.- 1939| 240 0 295,075) 122,953 0 0 18} 2) 1] 0 13 

5| Beaverton (North), Gladwin.........|1935| 300 0 626,999 27,504 0 0]. . 28) -Oreto 13 

6| Beaverton (South), Gladwin......... 1935 300 0 231,203) 120,424 0 0 16} 9} 0} 0 16 

7| Bentley, Gladwin...................{1937} 1,000 0 637,250 99,479 0 0 40} 2} 1) 0 36 

8| Birch Run, Saginaw................ 1934 300 0 190,068 9,458 0 O} 28}. 0} 7} 0 24 

9} Bloomingdale Township, Van Buren. .|1938] 2,950 0} 5,895,684) 722,108 0 0} 243) 54) 21) 0 156 
10 { Broomfield and a ee eee 1930} 0) 4,100 0 0| 6,935} 569} 60| 6] 1] 0 40 
11| Buckeye (North), Gladwin.......... 1936| 2,900 0} 14,306,652) 534,939 0 0} 262) 0} 24, 0} 180) O 
12) Buckeye (South), Gladwin...........|1986] 2,500 0| 3,687,874] 128,581 0 0} 188} 0} 6) O 88} 0 
43} Clare“(gas),. Clarés. vsch. a eosen ee 1929 0}; 400 0 0} 712 16 9} 0} O| 0 6 
14} Clare: City, Clares:ci 2s. (unites ee. 1938 20| 640 16,938 5,652) 1,045 131 7} 0} O| 0 7 
15| Clayton, Arenac..5..4....000.0tees 1936] 1,300} 560) 3,462,601) 254,953] 2,487 905 88) 0| 9) O 43) 27 
16} Columbia, Van Buren.............. 1938] 1,230 0} 1,862,367) 160,546 0 0} 103) 2] 13) 0 54 0 
17| Crystal, Montcalm............00005 1935] 2,180} 200) 7,152,319 76,505 365 26] 241); 1) 3) 0 22 6 
18} Deerfield, Monroe and Lenawee....... 1935} 240 0 236,327 84,132 0 Oo} 30} 2) 3! O 25} 0 
19} Diamond Springs, Allegan...........|1988} 560 0 710,127 54,709 0 0 55} 0] 4) 0 23|. 0 
20) Dort, Alegatiass testes achaadcicrrdsves 1938 360 0 264,124 23,044 0 0} 26) 2] 2) 0 18} 0 
21| Edmore, Montcalm................- 1933 160 0 419,149 14,820 0 0 13} 0} 1) 0 0 
22] Edenville, Midland................. 1938} 400 0} 1,094,166 64,900 0 0} 35) O} OF] O 26) 0 
23) Hiyart, Osceola. 03 0.0220 8 vee ode oi 1941 0 y 0 0 y y 2} 2) Oo} 0 2 
24| Freeman, Clare, ...%0:..00..0%.cees 1938 0} 1,760 0 0 896 510 14; 0} OO} 0 13 
25) (Gratiot Gratiot. ook... es loasecn ek 1927 0} = 400 288 0 0 0 3} 0} O| 0 0 
26|\ Hart, Qoednay vicke de ct core esy 1932 160 0 116,275 0 0 0 17} 0} 0} 0 0 
27| Headquarters, Roscommon........... 1941} 840 0 314,740) 314,740 0 0} 10) 10) O| O 10] 0 
28] Home, Montcalm..............0000+ 1938 0} 5,000 0 0} 2,518] 1,106; 24) 0} 2] O 21 
20|'Kawkawlin, Bay... saccsecenacuee oF 1938] 4,460 160 226,193] 184,088 y y| 36) 32} O| 0 35 1 
80] Leaton, Isabella............0.00000% 1929] 2,100} 480) 2,880,976} 130,163 185 0; 92) 2) 1] 0 45 1 
81) Lincoln, Clare. y..0cicsie oes cio sn emaion 1938 0} 2,720) 0 0} 1,528) 1,013 15} 1) 0} 0 15 
32} Marion-Winterfield, Osceola and Clare.|1940| 860} 5,600) 1,107,847] 1,099,462) 578] 578! 75] 43) O| 0 29) 28 
33] Monterey, Allegan..................{1938] 300 0 354,334 31,896 0 0 28] 0; 1) 0 18s} 0 
34| Mt. Pleasant, Isabella and Midland. .|1928} 8,000 0} 21,522,015} 385,152 0 0} 444) 2) 9) 0 183} 0 
35] Muskegon, Muskegon............... 1927} 2,700 0} 6,685,498 29,157) 7,803 43) 412) 0} 22) 0 25; 8 
36| New Haven CONDE: cok eee hh hove 1935 0| 2,400 0 0} 3,212 665 53} 2) 1] 0 0) 49 
37| Overeisel, Allegan PEPE oust, el: 1938] 2,080 0| 1,854,522) 383,576 0 0} 155) 2] 25} 0} 108) O 
38] Porter-Yost, Midland...............|1931] 8,440 0} 38,192,021) 1,543,371 0 0} 536; 5) 7] OO} 333 0 
39| Ravenna, Muskegon ais’ sida sae coe it 1936 0| 3,840 0 0} 1,152 47 29; 0} O} 0 0| 27 : 
40| Reed City, Osceola..............05. 1941) 3,500) 4,470} 2,755,252) 2,753,335 439 439| 138/134) 0} 0 112] 25 
41| Riverside, Missaukee,.............. 1940 0} 3,000 0 0} 124) 124 9} 5] O| 0 0; 9 
42! Saginaw, Saginaw.................. 1925] 1,800 0} 1,378,682) 22,576 0 0} 282) 0} O| 0 55) 0 
43] Salem, Allegan taal tare eit Maes 1937] 2,500 0| 2,782,026} 290,007 0 0| 205) 28] 6) 0 165) 0 
44| Salem (New), Allegan...............|1988] 1,100 0} 2,955,609} 587,120 0 0} 104); 2) 8 O 88} 0 
45] Sherman, Isabella................., 1936] 1,220 0} 3,899,647| 287,867 0 96| 1) 2] 0 61) 0 
46] Six Lakes, Mecosta and Montcalm... .|1934 0} 10,120 0 0} 26,637) 4,848} 246) 2) 3] 0 0} 194 
47| Tallmadge (South), Kent............|1939] 560 0 208,978} 172,219 0 0} 58} 33} 1) 0 52) 0 
45 Temple: Clares, os agian ah Statens < 1938] 2,710 0} 12,156,844) 1,939,786 0 0} 166) 3] 13) 0]. 180) 0 
49! Vernon, Jsabella............0. 0.000 1930} 1,100} 880} 4,295,037] 159,593] 1,394 35} 93} 2) 3] 0 34] 5 
BO Walken: Kent sais atnste cpus ciekioueaas 1938] 5,500 0} 8,321,071) 1,281,567 0 0} 488) 19} 8) O| 465) 4 
51] West Branch, Ogemaw.............. 1933] 5,000 0} 4,556,559] 405,646 0 0} 257) 0; 3] O| 232) oO 
52) West Hopkins, Allegan. ............ 1941 360 0 86,259 86,259 0 0 17} 17; 0} O 17, 0 
53) Winfield, Montcalm. ............404 1938 0} 1,920 40,184 29,226] 1,432) 621) 17) 3] 0] O 4| 14 
54| Wise, Isabella...................... {1938} 1,200] 960] 1,503,345] 377,534] 1,347] 1,298] 68] 3] 2] 0 61] 6 
55) Wyoming Park, Kent...............{1989] 450 0 88,721 21,924 0 0} 21) 0} 3) O 12} 0 
56| Miscellaneous......... ar 579,750 eye 4,075| 1,669) 118} 86) 17) 0 60} 40 
Bi\tee LOL) arian tree cateancedatie co 74,890|50,850 161,585,478] 16,328,756! 70,626| 13,345] 5,891/527|224| 0 | 3,134) 560 


» Footnotes to column heads and explanation of symbols are given on page 250. 
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TABLE 1.—(Continued) 


Shion pin a mck sooo oe 
. Reservoir 
duction pee ae Deepest Zone 
Methods, Eyecare : Pgh Bs Producing Formation Tested to End 
end ot a. of 1941 
1941 Sq. In. ¥ 
8 
Number = Depth 
of Wells 3 & eae Ft. 
aes S|. § : 
— . 
4 = Fe = Name Age®| 3 5 - Name 
a * “S| 8 Blel 3 2 | 2 ‘Si 
z\ 2/8 | — | 23 |alpes) sé SB) 2 [gh + ze] 8 3m 
Eis a ~O |elSo-=| a S |e} Ao oy ans eS ao 
#2} €@/$H| = | BS [Slavs] se s/z| o8 |B) e358] 2 BS 
Ale |44) 48 |<" leis ea Sate heel a |e an 
37 Oly Traverse 2,031 | 2,039)15 
Te 28, ay 0 {34.30 Dundee } Dev |i | P {3341 2'991116 } A | Monroe | 4,960 
2; 0 8 yi 6g 101 Oy Ty Dundee Dev/L | PJ 2,840} 2,860) 5 A | Monroe 3,432 
3} 0 O| 512) y | Ol « |z Stray, Marshall Mis |S | P]} 1,390] 1,410/10 A | Monroe 4,042 
4 0 13 y y 10} 28.5ly Traverse Dev | L P|} 1,002} 1,006} 2 A | Traverse 1,050 
5} 0 Te y| y | 0} 41.3/0.16 | Dundee Dev|/L | P|] 3,880 |3,895/12 A | Dundee 4,025 
6 60) O16 y| y | 0} 41.3/0.16 | Dundee Dev|L | P| 3,880) 3,895/12 A | Dundee 4,025 
7 0 36 y y 0} 41.4ly Dundee Dev | L P| 3,500 | 3,536)25 A | Dundee 3,685 
8 0 24 y y | 0} 42.4/0.25 | Berea Mis |8 P| 1,529 | 1,546)18 A | Dundee 2,760 
9} O} 156 y| y | 0} 41.2/0.51 | Traverse Dev |L_|-P ivan ee tet A | Monroe 1,904 
10) 0 0} 580) y | 0 Oly Stray, Marshall Mis |S P| 1,300] 1,350! 5 A | Monroe 3,788 
11} 0} 180 y| y | 0} 39 |0.25 | Dundee Dev |L | P} 3,621) 8,647/11 A | Monroe 4,696 
12} 0] ssi yl y | 0} 39 |0.25 | Dundee Dev|L | P| 3,574|3'597|11 A |Monroe | 4,330 
13 0 0 gig 10) 20) ig Stray, Marshall Mis |S P| 1,408 | 1,413] 5 A | Monroe 4,055 
14) 0 2} 605] y | 0} 30.5/0.40 baieck ee: ue z 12 we ae % A | Monroe 3,865 
erea (gas is 1,166 | 1, 2 
15) 0) 43) 620) -y | 0} 34.3)y j Dundee (oil) Dev |L } P ey 2,576)12 \ A | Dundee 2,707 
16) -O|~ 54 y| y | 0} 39.2)0.57 able ai ae : P| 1,190 a a2 A | Monroe 1,904 
tray, Marshal is 1,016 | 1,02 
17} o| 22] 448) y | ol 45.2ly Nea Ge ai aoe pt P NEMtH 3/9021 4 \ A |Monroe | 3,520 
18} 0) 25 wie yy 10) 40° iy Trenton Ord |L | P|} 2,102 }2,114) 9 MF |St. Peters | 2,512 
19) 0} 68, Bie WOk ey: sy: Traverse Dev|L | P| 1,466] 1,472) 3.5 A | Traverse 1,571 
20; 0} 18 y| y | 0| 41.4/0.44 | Traverse Dev|L | P} 1,596} 1,607} 4 A | Monroe 2,065 
Zu (0 5| 900} y | 0} 48.2/0.11 | Traverse Dev|L | P|} 3,108) 3,112) 4 A | Monroe 3,700 
22| 0] 26 y) y | 0} 41.31y Dundee Dev |L | P| 3,778|3,796] 8 A | Dundee 4,015 
23; 0 0 wi -y A:0\-. 0 ly Stray, Marshall Mis |S | P| 1,395] 1,467/15 y | Marshall | 1,467 
24) 0 0} 607) y | O} O ly Stray, Marshall Mis |S | P| 1,486} 1,512/12 A | Monroe 3,956 
25 0 0 y y |0 y ly Parma Pen |S Pr 500) 510/10 A | Dundee 3,100 
26) O 0 z| O | O| 34.0\y Traverse Dev|L | P| 1,880] 1,890) 4 A | Dundee 2,407 
27| 10 0 y| y | 0| 40.6/0.16 | Traverse Dev|L | P} 3,285 | 3,453} 5 A | Dundee 4,313 
28) 0 0} 515) y | 0} 0 ly Stray, Marshall Mis |S P| 1,390) 1,400) 7.5 A | Monroe 3,665 
29). 0) 35 y| y | 0} 84.9|0.37 | Dundee ye Bey . 12 ee “ae y A | St. Peters | 10,447 
| Stray, Marsha! is 1239 | 1, 
30) 0] 45; 550} y | 0) 43 0.16 { Dretise (oil) Dev i} E {594 3/681 78] A | Monroe | 4,390 
31/ 0 0} 607} y | O| O ly Stray, Marshall Mis |S | P} 1,526] 1,538/10 A | Monroe 4,285 
Stray, Marshall Mis |S 1,392 | 1,408] 9 
B2i— 15). 14 y| y {0} 44 |0.50 | <~ Traverse L?| P |< 3,140 | 3,156) 5 A | Monroe 3,945 
es feat cl el ig aes ae 
18 0 y Traverse ev r ; raverse 2 
a1 : 183 0 415 0.13 | Dundee Dev|L | P| 3,536 | 3,568)14.6 A | Sylvania 4,821 
35] 0] 25 y| y | 0| 37.4/0.56 | Traverse, Dundee Dev |L | P| 2,050} 2,075}10 A | St. Peters | 4,754 
36] 0 0} 448} y | 0} O ly Stray, Marshall Mis |S | P 915| 950) 5 A | Dundee 3,657 
37; 0} 108 y\| y | 0| 39.4)0.50 | Traverse Dev|/L | P| 1,471} 1,481] 3 A | Traverse 1,690 
38] 0] 333 y| y | 0| 41.3/0.26 | Dundee Dev |L_ | P| 3,422} 3,434/12 A |Sylvania | 4,732 
39] 0] 0} 720) y | 0) 0 |y | Berea Mis |$-D| P| 1,212] 1233/10 y |Dundee | 2'306 
Traverse 2,935 | 2,945] 5 
40| 106)  6| 1,418] 1,315-| 0] 45 |0.596] 4 Dundee Dev | L,D| P | 431492 | 3,518] 5 A | Monroe | 3,648 
| 13385 Monroe 3,540 | 3,592| 3 
41] of of y| y |0| © |y _ | Stray, Marshall Mis |S | P| 1,331|1,355|15.7 | A | Monroe | 3,945 
42 0 55 y y 0| 44.3/0.24 | Berea Mis |8 P} 1,820] 1,850)16 A | Sylvania 3,970 
43| O| 165 y| y | 0} 41 |0.60 | Traverse Dev}/L | P| 1,587] 1,601) 8 A | Dundee 1,950 
44 0 88 y y | 0| 41 {0.56 | Traverse Dev | L P| 1,621 | 1,631) 6 A | Monroe 1,968 
45) Ol) 61 y| yy | 0} 47.8ly Monroe Dev|L | P| 3,648) 3,652) 4 A | Monroe 4,031 
46) 0 0} 516) y | 0} O ly Stray, Marshall Mis |8 P| 1,275) 1,300/16 © A | Monroe 3,529 
A7\ (0) 52 yl y | 0} 42 Ty Traverse . Dev|L | P| 1,820} 1,845) 7.5 A | Traverse 1,936 
4s} 0} 130 y| y | 0| 48.8/0.37 | Monroe Dev|D | P| 3,895}3,900} 4.5 | A Monroe 3,945 
49] 0| 34] 575} 2 | 0| 44.1/0.30 | Monroe Dev |D | P| 3,741) 3,743} 3 A | Monroe 3,907 
50; 0| 465 y| y | 0| 42.1/0.42 | Traverse Dev|L | P nee oe 3 A | Monroe 2,400 
Traverse , , 
of 2s] vf fo) sass || De Der eT L aa at Se 
(Oe Traverse Dev ' 4 raverse : 
33 Q at 446 ; 0 3 i Stray, Marshall Mis |S. | P| 1,124/1,141] 8 A | Monroe 3,374 
54, 0} 61 y| y | 0} 47 ly Dundee Dev|L | P| 38,702)3,716)10.5 A | Dundee 3,723 
55] 0} 12 yoy | 0) yi i Traverse Dev}|L | Pj 1,191) 1,218) 6 A | Traverse | 2,102 
56} 0) 60 0 
57| 1501 2,984 
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PRODUCTION ZONES 


SYSTEM 
PLEISTOCENE 


FORMATION 
Drift 


PENNSYLVANIAN 


Sa te 


Saginaw Group Gas production in Gratiot Field - Gratiot County 


Michigan Series 


Marshall Formation ies 


Stray-Marshall gas is generally found from 0 to 100 feet 
above Marshall formation 


MISSISSIPPIAN 


Coldwater Formation 


Oil prod in Birch Run ¢ Saginaw Fields ~ Saginaw Ca, also Kawkawlin 
Field~ Bay Co- Gas prod.in Deep River ¢ Clayton Fields -Arenac Co 


ve ies from Squaw member at Adams field ~ Arenac Co 
¢ Headquarters Field- Roscommon Co. 3 

Oil prod. from Alpena member at Headquarters Field 

also Reed City Field- Osceola Co,¢ Southwestern Michigan 


GENERALIZED WELL LOG BUCKEYE FIELD GLADWIN Co. 


Oil accumulation is found in upper part of formation 
varying from © to 160 feet below top 


Oil prod. in Reed City Field- Osceola Co. 


DEVONIAN 


Small oil prod. in Adams Field- Arenac Co ¢ Richfield Twp.- 


Roscommon Co 


A 
o 
uv 
w 
a 
oD 
ce 
a 

FE E 
tH 

ui 

= 

I me 

et 


Salina 


SILURIAN 


Gas progetion in Gulf Refining Co No! Bateson 
Monitor Twp - Bay Co 


THIS SECTION FROM GULF NO.|-BATESON- MONITOR TWP BAY CO. 


Niagaran 


oi 
ORDOVICIAN Trenton === 
L St Peter 11 


EW Olacial Drift J Shale [ESD] Sandstone EEEE} Limestone EEE Cherty Ls, EEE5 Dolomite [——)Salt Fes Anhydrite 
FIG. 2.—PRODUCTION ZONES IN MICHIGAN IN 1941. 


HHH 
He 
BART 


Oil production in Deerfield - Monroe Co. Depth of pay 2100': 
SE PART OF STATE ~ 
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field, which was drilled to a total depth of 
10,477 ft. It showed salt water in the 
St. Peter sandstone and was plugged back 
to a shallower horizon near the base of 
the Salina, where a gas well was made at a 
depth of 7760 ft. This test, near the middle 
of the Michigan Basin, gives for the first 
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time an accurate measurement of the 
stratigraphic section from the glacial drift 
of Pleistocene age to the St. Peter of 
Ordovician age. Another important deep 
test is the Producers Committee’s George 
Riddering No. 1, in the Grand Rapids 
field, which has reached the St. Peter at a 


TABLE 2.—Summary of Drilling Operations in Michigan 


Important Wildcats Drilled in 1941 
Surface Formation, Pleistocene 


Initial Pro- 
Location duction per 
Day 
Total Deepest eo eos 
County Depth,| Horizon Drilled by és Remarks 
Ft. Tested Oil Mil 
Sec. | Twp.| Ree. U. 8. |} lions 
Bbl. | Cu. 
Ft. 
1| Allegan....... 18 | 3N}12W] 1,573] Traverse C. Perry 200 Visooary, well in West Hopkins 
el 
2| Arenac....... 21 )19N| 3E | 4,629) Detroit River | D. Rayburn 16 Indicates possible commercial 
production from Detroit River 
rocks in area : 4 
3) Bay.......... 2|14N| 4E | 10,447/ St. Peters Gulf Refining Co. 8.5 | Deepest well ever drilled in 
Michigan. First well in basin 
to test St. Peters sandstone _ 
4) Berrien....... 34 13S |17W| 2,502] Trenton J. Warman Trenton test giving new strati- 
graphic data on deeper 
measures Nhs 
5| Calhoun... . . 15 |38 4W | 1,609] Traverse Continental Oil Co. 10.5 | Indicates new possibilities for 
southern part of Michigan ; 
PECASE Soja. ve 15 |8S 15 W} 2,312] Trenton R. Tamblyn Trenton test giving new strati- 
graphic data on ~ deeper 
; Measures ‘ 
PAVOLATO = § cra,éc0nd 16 |19N | 3 W| 5,400} Sylvania Sun Oil Co. age! test in Clare 
i : 23 Gas discovery. Should lead to 
IMO.  aracid vise 15 |19N} 3 WJ] 1,278] Marshall Sun Oil Co. de fro e EE eee aren 
1942 
i i il & Dev. Co. Niagaran test giving new strati- 
91 Clinton... <..- 14|5N] 3W) 5,863) Niagaran Saba Oil & Dev. Co. Bac ches aime od ad 
bates abo i f oil in Li 
it Ri arge showing of oil in Lower 
poeaaronacs «2 Sn ae a Oe eter [ie Bats Detroit River formation giving 
further evidence of possible 
commercial production from 
Ba =e ‘ ; , 
d i i 0.13} Good showing of gas in 
11] Mason........ 9 |17N | 15 W} 3,303] Sylvania Merrill & Dean Sylvania sandstone 
12! Oceana....... 8 |16N | 16 W] 3,507} Salina American Drill. Co. ape ce test in Oceana 
: 0.38] Gas discovery. Should lead to 
13] Osceola....... 22 1A8N} 8 W] 1,467] Stray Taggart Bros Se fiyea ahd ecb 
9 . 
14] Roscommon...| 34 |21N |) 3 WJ] 3,438) Traverse E. Hilliard 10,000 Dory well in Headquarters 
e 
it Ri i 80 Produced from zone 1027 ft. 
15| Roscommon...| 29 |24N| 1W)] 4,209] Detroit River | Sun Oil Co. halos top Detooit fiver 


a Si a I ee SS  —————————ee 
ee SSS ee ———E——e——————eEEeEeee 


Number of wells drilling Dec. 31, 1941................... 
Number of oil wells completed during 1941................ 
Number of gas wells completed during 1941............... 
Number of dry holes completed during 1941............... 


In Proven Fields | Wildcats 
Reet Sel 66 20 
RF eo Se ene Seren sea 420 B 
ek Sieh en 85 9 
pe oat 135 276 


2 


: 
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depth of 5161 ft. This test is an important 
contribution to the stratigraphy of the 
southwestern part of the state. 


EXPLORATION 
Exploration by shallow drilling for struc- 
tural information on beds below the glacial 
drift continued throughout the year. Some 


reflection seismograph work of an experi- 


mental nature was done in several of the 
oil-producing counties. While results of 
this are not generally known, it did not 
lead to leasing on any large scale and, so 
far, no major oil field in Michigan has been 
discovered by geophysical methods. The 
glacial drift, which is spread like a blanket 
over the oil-producing areas, and ranges 
from 100 to tooo ft. in thickness, has been 
a handicap to geologists and geophysicists. 


Drittinc METHODS 


The rapid development in the Reed City 
and Headquarters fields has been made 
possible by the use of the rotary or by 
combination rotary and cable tools. The 
Gulf Refining Co. in the Reed City field 
was the first in Michigan to drill into the 
pay section with the rotary. Drilling in 
the older areas is still done with cable 
tools. 


PRORATION 


All the new fields discovered this year 
have been under strict proration since dis- 


OIL AND GAS DEVELOPMENT 


IN MICHIGAN DURING IQ41I 


covery. Reed City was allowed 480 bbl. 
per well per day from June to October 
and this was gradually reduced to 200 bbl. 
per well per day by the end of the year. 
Headquarters and Winterfield fields were 
allowed 350 bbl. per well per day at the end 
of the year. The Adams field, Arenac 
County, operated under voluntary prora- 
tion of 150 bbl. per well per day during 
most of the year. 


PRICES 


Michigan has seen a gradual increase in 
price for all areas during the year. The 
crude oil from the old pools of Midland 
County, which at the beginning of the 
year was quoted at $1.22, is now posted at 
$1.44 per barrel. The Sherman grade oil of 
Temple, Freeman, Reed City, and Winter- 
field, which in January 1941 was $1.17, has 
been raised to $1.39 per barrel. Increases 
in other areas were proportional to Midland 
and Sherman. 
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Oil and Gas Development in Mississippi during 1941 
By H. M. Morsr* 


Mississippi, during the year 1941, ex- 
perienced the greatest diversity of oil 
activity since the beginning of oil interest 
in the state—core tests for exploration, 
core tests for sulphur, continued drilling 
at Tinsley for production, and wildcatting, 
which brought to light two new oil fields 
and two new salt domes. There were 45 
wildcat wells drilled in 1941, which showed 
greater results and findings geologically 
than the 85 drilled in 1940. 

Tinsley Oil Field (Yazoo County). —The 
Tinsley oil field, with its boundaries fairly 
well defined now, is 8 miles long and 3 miles 
wide at its widest point. During the past 
year 213 producing wells were completed, 
which brought the total number of produc- 
ers in the field by the end of 1941 to 325 


wells. Seven producing sands have been 
logged, with a total average thickness of 
30 ft. of oil sand. The producing formations 
are the Selma, Eutaw and Tuscaloosa. 
The average total depth of the wells is 
5012 ft. The average gravity of the oil is 
35.4-. Production for 1941 was approxi- 
mately 15,500,000 bbl. of oil. 

Vaughan-Pickens Oil . Field (Yazoo 
County)—At the end of 1941 only three 
wells were producing in this field, the fourth 
having been abandoned. The total pro- 
duction for the field for the year was 
approximately 250,000 bbl. of oil. The pro- 
ducing sand is the Wilburn, in the Eutaw 
formation. 

Cary Field (Sharkey County). —The Brit- 
ish American Oil Producing Co. completed, 


yp Manuscrit received at the office of the Institute on Sept. I, 1941, its F. B. Houston No. A-1 
arch 31, 1942. 
* State Oil and Gas Sunvervisor, Jackson, Miss. well; sec. 23,1 'T.-a1 oN. eR. 7 W. It is 
TABLE 1.—Oil and Gas Production in Mississippi 
Mi Oil-produc- 
teal Total Oil Total Gas Production, | Number of Oil and/or | tion Meth- 
qonees Production, Bbl. Millions Cu. Ft. Gas Wells ods, End 
Acres of 1941 
nes nd of Number 
Field, County 1941 1941 of Wells 
RP aoe 
ES ; To End of| During | To End of | During e. [fe 
8 8 a ad IR 1941 1941 1941 83 3 lel2e Bld 
Be : : 2 
2 S $43 E £A\2 | » | 3 
ro} = = Biles a 3 
3 3 BE) e |g\e2/ 23] & | 24 
5 > OFS ele@1G ie) & | 47 
field, Hind. 
; gh as ti a ‘ 1930 7,500 110,376 3,878 217; +6) 2} 0} 0/23 
2| Pickens-Sharpsburg oil 
field, Madison....... 1941] 40 7 753 7,053 i f GO Ve tino} = £ 
3] Cary oil field, Sharkey..|1941] 40 3,578 3,578 2 0; 1/0) 0 1 
4| Tinsley oil field, Yazoo. |1939) 9,840 19,602,264] 15,277,273 349/214/19) 0 |324 Seale. 
§| Vaughan-Pickens oil : 
be 40 496,253 209,997) 9} oO} 1) OF} 38 3 
6 eee aes ee: oe 9,960) 7,500 110,376 | 3,878 | 578/222/13| 0 |329/23) 4 | 325 
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» Footnotes to column heads and explanation of symbols are given on page 250. 
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producing from the Selma chalk. The 
gravity of the oil is 27°. 
Pickens-Sharpsburg Oil Field (Madison 
County).—On Dec. 4, 1941, the discovery 
well of the Pickens-Sharpsburg field, Buzz 
Morgan’s Johnny No. 1, sec. 4, T. 11 N., 
R. 3 E., was completed. This well produces 
from the Wilburn sand in the Eutaw. The 
gravity of the oil is 40.8°. The Phillips 
Petroleum and Carter Oil companies are 
expected to do further drilling in this 
area in the early part of 1942. In December 
the production for this well was 7753 bbl. 
of oil. 
Core Tests —The Carter Oil Co. and 
The Sun Oil Co. drilled several core holes 


OIL AND GAS DEVELOPMENT IN MISSISSIPPI DURING I9Q4I 


for exploration purposes. The Freeport 
Sulphur Co. drilled a series of 9 core holes 
for sulphur on the Tatum salt dome, Lamar 
County. Another series of core tests will be 
drilled by them during 1942. 

Salt Domes.—During 1942 two new 
salt domes were discovered, one in Warren — 
County and one in Hinds County. 

Prospects for 1942.—Mississippi prob- 
ably will have from 40 to 50 wildcat wells 
drilled during 1942, with approximately 
100 wells drilled in various oil fields 
throughout the state. In view of the oil 
showings in wells drilled in Mississippi 
during 1941, Mississippi may expect new 
fields to be developed this year. 


TABLE 1.—(Continued) 


Reservoir 
Character A F Deepest Zone Tested 
tha ie of Oil Producing Formation ty End of 1941 

" 

& Depth, Avg. Ft. 

g 

© & Thick: | Str 
k Initial 7 % a Name Agee . os é tert Name 
| a_lgl< Sol ilies Top | Bottoms} Avg. Ft. 4 
5 eo |glpes ees | 3| Prod. } Prod. Ne 
4 oe SEE: ahd a g Zone | Wells a 
3 2% |g|5 8F<|3e é\é a mm 
1} 1,010 860 Selma CreU | C 2,420) 2,435 15 MI Trinity-CreL 5,529 
2 110 | 110 Eutaw CreU | S| x | 4,824) 4,833 661 A Tuscaloosa-CreU | 5,658 
3 0 0 z vo CreU | C | z | 3,278} 3,283 5 z Igneous-Cre 4,355 
elma i 
4 z |< Eutaw CreU | S| 2 | 4,378! 5,834 | 153-2542| Faulted | Tuscaloosa-CreU | 6,540 
Tuscaloosa dome 

5 0 0 : a | Eutaw CreU | S| z | 4,865) 4,871 6 AF | Tuscaloosa-CreU | 6,043 
6 


1Sand 66 chs rrooncisg only 9 ft. 


2 Average pr 


ucing section 30 ft. 


» 2 A 


eo be dot Ds 
a dad F 
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TABLE 2.—Summary of Drilling Operations in Mississippi 
Wildcats Drilled in 1941 
County Operator, Well and Number Location heirs Bottom-hole 
sla Fi. Formation 
ams .| L. H. Simpson, Fairchild Pltg. No. 1 i 
Dl Attala... 2... se Clint Crosby, J. F, Allen No 1 Si SE wo, TNR SE| 434 | Tusok 
3] Bolivar............. Ed 8. Holman, E. K. Thomas No. 1 SE NINE seo. 18, T24NUR 7 W| 4/064 | Bendian 
Oaks. Walsingham & Baries, School Land | SW NW NE see. 16,T 4N,R15E | 4057 Puscalous 
S\Copiah...:.......... Sun Oil Co., J. G. Ainsworth No. 1 Ns 
6\ Forrest.-......2..0. Fohs Oil Co., Bataon-Eation N “ 1 Eis NW au on i 7 i a k c ‘ Bea ea 
7|Grenada............ James Papadakis, Ed Holcomb No. 1 SE NE sec. 13T 22N,R 2E | 3'797 | Tuscal 
Mieminds 0. Womble & Wiliams, Conn. Gen, Life | NE NW SE sec, 28, T 23.N,R 5H | 3,735 Potteille 
. Co. No. ‘ : ; 
9| Hinds .| Hassie Hunt, M. Montgomery No. 1 NW i 
MO) Hinde... 0... 6. .0. Plains Production Co, Halifax Plan-| NESW NW sos UT ? N’ RaW] 3090 Caner 
ation No. ; 
11) Issaquena........... E. C. Johnston (W. G. Ra: 
a. Gtatring ie ( y) Irby NE NW sec. 29,T 10 N, R 8 W] 5,650 | Glen Rose 
ssaqueha........... olson & Bohon, C. M. Aden No. 1 NW NE sec. 31, T E 
PSION acco Meviwcls sce. Turman N. Smith, J. A. Hollificld | NW SW NW see. 20; T 3 x zt re W 6338 Slut aa 
0. 
BAT MGUIDED, o5.70 <5 bs «rie R. M. Crabb, W. A. Land No. 1 NW NW NE 12 
15] Kemper AW B. Manning, J. W. McKelvaine SE SE NE seo. oT * N R TE 475 hee 
0. ‘ 
16| Lauderdale.......... Magnolia Petroleum Co., C. Cul- SW SW NEsec. 4,T 8 N,R14E | 6,256 | Pennsylvanian 
17| Lauderdal: Peon Watters : . ine 
auderdale.......... ierce Watters et al., A. L. Meeds No. 1 W4 SW sec. 26, T 
18) Lawrence........... Tide A as Doma he Co., Denk-| N14 Nis SW seo: 5, ae : N k it i 10°308 tebe 
mann Lbr. Co. No. 
19 TGAWEEMICE cintcc sjcyaiere ss Tide Water Assoc. Oil Co., Denk- NW NE sec. 29,T 5N,R11E | 6,642 | Wilcox 
mann Lbr. Co. No. 2 
DO Weaken. suiecs oc cies toe Sinclair Wyoming Oil Co., Community| NW SE NW sec. 28,T 9N,R 6E | 9,007 | Glen Rose 
Pearl River No. 1 : 3 
MUBLORKG sic /o0 5016 a 2 ae Lf Williams et al., Grant Allen NW SE sec. 26,T12N,R 7E | 5,028 | Paluxy 
0. 
2224 RECN ae A R. L. Shoemaker, Martin No. 1 SE NE NW see. 33, T 9 6 ississippis 
23] Madison............ C.L. Morgan,? John Whitworth No. 1 NE SW sec. 4, T 11 N, R 3 f 5 858 Teceee 
24| Madison............ salar Wyoming Oil Co., C. L. Harris E\4 NW sec. 26,T 10N,R 5E 6,011 Tuscaloosa 
0. 
mop farshalll oo0 scion. se C. B. Blosser, C. Stansback No. 1 SE SE 19,T 38, R 4W 6 i 2 
ooitatal B Ji Lanai, Foo No. | SW Shoe BLT 38, R 1W| 1,130 | Boley (2) 
27| Montgomery........ Sea Oil Co., Mutual Life Ins. SE SE NW sec. 36,T 21N,R 5E 4°458 Paluxy (?) 
‘0. No. 
28} Montgomery........ Henderson Oil Co., School Land No. 1 SE NE NW sec. 16,T19N,R 6E | 4,280 | P: ? 
29] Noxubee............ ae he eer & A. C. Hope, H. N. NW aR 25, T 16 N, R17E eri Poe ioe 
onahoo No. 
SOWETCNISS. 6.500000. 66+ Home Development Co., A. Allen No. 1 NE NE SE sec. 8,T 78, R 9E | 2,145 | Knox 
Sal pSHarkey:.. sdcaviere «0 Bepiek, Senges Oil Prod. Co., F. B. N¥ NE SW sec. 23,T 11 N,R 7 W)| 4,027 | Tuscaloosa 
ouston No. ; 
32) Sharkey. .......04.. British American Oil Prod. Co.,3 F. B. N NE SW sec. 23,T 11 N,R 7 W} 4,355 | Igneous 
Houston No. A-1 
BB UOLE ioc ucsiaon bic aoe Peo Oil Ref., Inc., School Land SE SW sec. 16,T 25S, R11 W] 8,522 | Lower Tus- 
0. caloosa 
AIISLODGL gene orci «= Senta Morgan, Dantzler Lbr. Co. NESE sec. 4,T 45, R10 W] 8,506 rb Tus- 
0. caloosa 
DEH SSHOT Gis raicteie are carafe ats =, I. Morgan, University of Miss. SW sec. 35,T 35, R10 W] 8,505 panes Tus- 
’ ‘ 0. caloosa 
36] Tishomingo......... oe pee & R. Gear, E. K. Wood NW SE SE sec. 21,T 45, R11 E | 1,845 | Knox 
0. 
BMIAWATTOR:. 62 oo... <o-cle-zi0 Magee Petroleum Co.,4 J. H. Hall NE NW NEsec. 39,T 17N,R 4E | 4,176 | Salt 
0. 
38] Warren............. Magnan Petroleum Co., J. H. Hall SW SE NE sec. 39,T 17 N, R 4E | 3,856 | Cap Rock 
0. \ 
SO WVALECD! 25 5). < rhe 5 tl Placid Oil Co., Anderson Tully No. 1 NE SW see. 36,T17N,R 5 E | 5,025 | Wilcox 
AQ Warrene,...0:...-> +- Me ee Bros. Oil Co., R. L. Parker, NW NW sec. 17,T 14N,R 1E | 7,013 | Selma 
r. No. 
41| Wilkinson........... Bering Oil Co., Crosby Lbr. Co. No. 1 SW SW SW sec. 15,T 4N,R 2W|] 5,601 | Wilcox 
49) Winston. ........... ee & Young, H. C. Chancellor SW SEsec. 9,T13N,R14E 350 | Midway 
0. 
J. E. Green, W. Goldman No. 1 SW SE NW see. 23, T 25N,R 6E | 2,400 | Tuscaloosa 
_..| Fred Endom et al., School Land No. 1 NE NE NE sec. 16,T 9N,R 3 W| 5,633 | Selma 
_| K. Hughes et al., G. C. Woodruff No. 1 NE SE sec. 19, T 11 N,R 2W) 6,543 | Eutaw 
_| E. C. Johnston, J. M. Gaddis No. 1 B44 sec. 26,T10N,R 1W| 6,021 | Eutaw 
_| Hunter Jones et al., W. M. Link No. 1 NE SH sec. 36,T 9N,R 3 W] 6,034 | Selma 
Scere eae Oil Co., C. C.| W% EY Wi sec. 23,T 12 N,R 1E | 7,074 | Tuscaloosa 
wayze No. 
BOIEV AROON cst ce escitie cies Texas Pacific Coal & Oil Co., J. S. NW NWsec. 10,T 11 N,R 2W| 6,865 | Tuscaloosa 


Allgood No. 1 


Jt A 00 TNO 
1 Discovery Halifax salt dome. ‘ 
2 Discovery of Pickens-Sharpsburg oil field. 
3 Discovery of Cary oil field. 

4 Discovery of Kings salt dome. 


Development of Oil and Gas in Missouri in 1941 


By Frank C. GREENE* 


THE year 1941 was uneventful in oil and 
gas development in Missouri. No new pools 
were opened and several areas with promis- 
ing structures, in the northwestern part 
of the state, were disappointing when 
drilled. In looking for an explanation of 
these failures, it is suggested that it will be 
necessary to find areas in which the lower 
beds of the Mississippian are upfolded, in 
order to obtain production in northwestern 
Missouri. To do this, geophysical explora- 
tion or test drilling far enough into the 
Mississippian beds to get cores or cuttings 
of definitely established age appear to be 
the best methods. 

Although not leading to new production, 
drilling in Missouri established two new 
state records, one for depth and another 
for the amount of rotary drilling. An 
important well} in sec. 24, T. 19 N., R. 12 
E., Pemiscot County, in the southeastern 
corner of the state, was drilled with a rotary 
to 4740 ft., several hundred feet deeper 


Published by permission of H. A. Buehler, State 
Geologist. Manuscript received at the office of the 
Institute March 31, 1942. 

* Geologist, Missouri Geological Survey, Rolla, Mo. 

+ Strake Petroleum Company's No. 1 T. Russell. 
Surface elevation, 266 ft.; base Eocene Wilcox, 
1200 ft.; top Eocene Midway, 1200 ft.; top Cre- 
taceous, £634 ft.; top Paleozoic, 2060 ft.; total 
depth, 4740 ft. 


than any previous hole. The total footage 
drilled by rotary rigs of various types was 
31,135 ft. and that by cable tools, 29,166 
feet. 

The total number of completions was 85, 
of which 18 were gas wells with an initial 
open-flow capacity of 12,528,000 cu. ft., 
and 67 were dry holes. Of the latter, 19 
were drilled into Mississippian or older 
formations. 

Table 1 gives a summary of activities 
by counties. 


TABLE 1.—Wells Drilled for Oil and Gas in 
Missouri in 1941 


= Gas Pro- 
County aa eae duction, Dry 
- Ht 

Atchisbuwiet. cutee q 
Bates: <)..csetersn verse Ir 
Buchanan......... I 
Caldwell)... ..< 2 <t 9 4,420,000 12 
Cc 7 
3 

4 

3 

4 240,000 9 

i 

2 

2 

Biattacc autos st 5 7,859,000 10 
an 3 

I 

2 

LOCRIS teers oie 18 12,528,000 67 
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Petroleum Development in Nebraska in 1941 


Bye CeRnrp= 


NINETY wells were completed in Ne- 
braska during 1941, of which 42 were 
producers. One of them was the discovery 
well of a new field. All of the production 
to date is in Richardson County. At the 
close of the year 14 wells were drilling and 
three more were shut down for orders, hoping 
for future development of production. 


Published by permission of Dr. G. E. Condra, State 
Geologist of Nebraska. ero peeved at the 


office of the Institute March 25, 1 


* Assistant State Geologist, Nsuenaka Geological 
Survey, Lincoln, Nebraska. 


Most of the drilling activity was in 
Richardson County, which had 68 oper- 
ations; to wells were drilled in Nemaha 
County, 5 drilled or drilling in Gage County, 
3 each in Otoe and Furnas Counties, 
2 each in Cass, Harlan, Johnson and Sarpy 
Counties, and to wells were completed or 
drilling over the remainder of the state. 

The most important development of the 
year was the discovery in October of the 
Barada field, sec. 36, T. 3 N., R. 16 E., 


TABLE 1.—Oil and Gas Production in Nebraska 


INGE Voi a Gas 
Total Oi roduction, ‘ 
tbe Production, Bbl- Millions Number of Oil and/or Gas Wells 
cres : 
Cu. Ft. 
hes 
oO ; 
Field, County - Dis- vee End of 1941 
cov- 
a ery . ae 
‘ To End During + ba 
E OOS ih oF ost setoat, ay ea |e] B/Eely |e 
A |e. lee] es | els. | ss 
2 AS | 5S | se | ef | 2 |88|83) 82 
3 a7 lat oF] S Pa S29) ao 
1| Barada, Richardson........... 1941 120 34,400 34,400 | None 6 6 <0 0 6| 0 
2| Dawson, Richardson........... 1940 40 3,800 2,400 | None 2 10 0 20 
3| Falls City, Richardson.........| 1939 | 1,062 | 2,048,150 | 1,775,300 | None 55 27 | 2 0 53.) 0 
4| Shubert, Richardson........... 1940 400 77,100 74,820 | None 10 ga 4 0 (oye <i) 
PMT Obs Secictisioticsig saamines pecs 1,622 | 2, 197, 650 | 1,886,920 | None | None} 73 43) 3 0 KO 0) 
me TO 
Oil-produc-| Reservoir 
i : * : D +; Zone Tested 
a i hee Character of Oil Producing Formation ae 5 of 1941 e 
of 1941 Sq. In. 
aay | 
Number Depth, 
of Wells F Avg. Ft. 
Gravity a 
# A.P.I. at a |& 
3 ME 60°F., - a= Name | Age?} 4 alg = Name : 
g 2 ic} Weighte -8 P| Sa (age | f= [Sas] 2 sf 
S| 2 )S | . |ee| Average | 35 S| BIE, | et B =n 
2) € |28| 2 | es Bs Gl 2 lag | 32 sf] 2 as 
Sle |S4/ 2 |22 ae é| & | eS | a" 24] 2 am 
? | Hunton | Dev | D A | Hunt 2,517 
2 . 2 7 {2 Heaton Dev | D A Granite (during 1937) | 3,424 
3| 0 53 | y y Bhlee 0.37 | Hunton | Dev | D A | Arbuckle 3,372 
4; 0 91 y y ? | Hunton D N-T | Hunton 2,638 
5] 0 70 


¢ Footnotes to column heads and explanation of symbols are given on page 250. 
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PETROLEUM DEVELOPMENT IN NEBRASKA IN 1941 
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Richardson County, as the result of the 
drilling of the Skelly Oil Company’s No. r 
Roesch. Before the close of the year seven 
producing wells had been completed in 
this new field on 20-acre spacing pattern, 
in the western half of sec. 36 and the 
northeast quarter of sec. 36, although only 
six of these wells were on production at 
the end of the year. This field is on a 
relatively sharp northwest-trending anti- 
cline with an estimated structural closure 
of 70 ft. or more on top of the Hunton 
formation. The producing formation is the 
Hunton dolomite of Devonian age. Al- 
though initial tests indicated from 300 to 
‘over 600 bbl. of clean oil per day for the 
wells in this field, the production per well 
per day is now being limited to approxi- 
mately too bbl. and an orderly develop- 
ment is anticipated. The gravity of the 
oil in the Barada field is 29.6°. 

A second development of considerable 
importance was the discovery of a lower 
pay zone in the Hunton formation under 
the structurally higher parts of the Falls 
City field, occurring approximately 8o ft. 
below the top of this formation. As far as 
known, approximately the same oil-water 
contact level (—1400 ft.) exists in all of the 
zones of porosity that are producing in the 
field. The lower Hunton pay is popularly 
known as the second Hunton but in 
reality it is a third zone of porosity. The 
discovery of the third Hunton porosity 
zone resulted in the drilling of several 
“twin” wells. 

A third development of some significance 
was the discovery of a partly oil-saturated 
section in the Kansas _ City-Lansing 
interval of Pennsylvanian age, in two 
wells drilled in Harlan County, both of 
which were carried to the Arbuckle 
without favorable results in the lower 
formations. One of these wells (sec. 15, 
T. 2 N., R. 18 W.) has been partly tested 
without very encouraging results but the 
other well (sec. 15, T. 1 N., R. 13 W.) has 
not been tested. 
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There has been some change in drilling 
and completion technique in the Richard- 
son County fields during the past year. It 
has been customary to drill with rotary 
tools to or into the top of the Hunton 
formation, then to set a production string 
and drill the well in with cable tools. It 
is now the policy of many operators to 
use rotary entirely; the Hunton formation 
is cored to or below the water level, the 
production string is cemented through the 
producing horizons and the wells are gun- 
perforated at saturated and porous zones, 
the placing of perforations being based on 
core analyses or electric logs or both. 
Acidization generally follows gun perfora- 
tion, although the amounts of acid now 
used (about 500 gal.) is generally smaller 
than was injected previously. 

The drilling of additional wells in the 
Falls City field during the first half of 1941 
resulted in keeping the production for the 
field at a fairly constant level, although 
the production per well per day dropped 
about 30 bbl. The discovery of a lower 
producing zone in the Hunton materially 
boosted production to a maximum of 
about 2000 bbl. per day above that of the 
early part of the year (4300 bbl. per day) 
and increased the production in barrels 
per day per well from 119 during June to 
148 in August. Since August the produc- 
tion for the entire field per day has declined 
about 750 bbl. and the production per well 
per day has fallen from 148 to 87 barrels. 

Production in the Shubert field was 
erratic throughout the year, varying from an 
average production of 29 bbl. per day 
during January, when only one well was 
in production, to a maximum of 343 bbl. 
per day during July, when eight wells were 
producing. The Shubert field was extended 
during the year to include the southwest 
quarter of sec. 29, the south quarter of 
sec. 30, the north quarter of sec. 31, all in 
T. 3 N., R. 16 E. and the southeast 
4o acres of sec. 25, T. 3 N., R. 15 E. 


Oil and Gas Development in New Mexico in 1941 


By Joun M. Ketty,* Junror MempBer A.I.M.E. 


New Mexico produced 39,751,868 bbl. 
of oil in r941 and ranked seventh among 
the oil-producing states. Its 1941 produc- 
tion established an annual record, exceed- 
ing the 1940 record year by 854,498 bbl. 
The average daily production for the year 
was 108,909 bbl. The average daily non- 
marginal well allowable for New Mexico 
on Jan. 1, 1941, was 36 bbl.; at the close 
of the year it was 43 bbl. The average 
daily pipe-line runs were approximately 
3 per cent less than the allocations of the 
New Mexico Oil Conservation Commission, 
which followed closely the recommendation 
of the United States Bureau of Mines in 
setting the daily outlet demand. The pro- 
duction in Lea County was 34,333,448 bbl.; 
Eddy County, 5,009,354 bbl.; and north- 
western New Mexico (San Juan and 
McKinley Counties), 406,306 barrels. 

The total number of completions in the 
state was 402, of which 301 were oil wells, 
19 gas wells, and 82 dry holes. Drilling 
during 1941 was 68 per cent of 1940, and 
the ratio of dry holes to producers, 1 to 4, 
was the greatest since 1935. Of these dry 
holes 43 were drilled in proven fields and 
39 were wildcats. One new oil field and one 
new gas field were discovered as a result 
of the 1941 wildcatting program. However, 
numerous extensions were made to the 
existing fields, which, although they were 
called extensions to proration areas, were 
in reality field discoveries, being on sep- 
arate geologic structures. 


Manuscript received at the office of the Institute 
March 31, Sat , 

* State Geologist, Executive member and Secretary 
of New Mexico Oil Conservation Commission, Santa 
Fe, New Mexico, 


SOUTHEASTERN NEw Mexico 
Lea County 


The Monument field was the largest 
producing field in Lea County, with 
6,973,808 bbl. It was closely followed by the 
Eunice field, with 6,644,181 bbl.; Vacuum 
field, with 4,800,608 bbl. and Hobbs, with 
3,624,159 bbl. Hobbs field, however, still 
has the largest total recovery, this being 
97,407,929 bbl. at the end of 1941. 

The new oil-field discovery in Lea 
County during 1941 was the Salt Lake 
field, T. 20 S., R. 33 E. The discovery well 
was Leonard-Welch State No. 1, NW. NW. 
of sec. 18, T. 20 S., R. 33 E. This well was 
drilled to a total depth of 3103 ft. and was 
completed for an initial production of 250 
bbl. per day pumping. The oil is 26° gravity 
and the producing horizon is in the San 
Andres limestone of Permian age. The 
discovery well was completed on June 22, 
1941, and since that date four more 
producers have been completed, with no 
failures. The area is about 10 miles north- 
west of the Lynch pool, to which the oil 
from this field is being trucked because 
there is no pipe-line connection. 

The greatest drilling activity during 1941 
was in the Maljamar field of western Lea 
County, with 62 completions, 59 being oil 
wells and 3 dry holes. The limits of this 
pool are now being defined on the north 
and south but to date have not been 
defined either to the east or west. The total 
number of 4o-acre oil-producing units in 
the field at the close of the year was 158. 

On April 1, 1941, a pressure-maintenance 
project was installed at the southern end 
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TABLE 1.—Oil and Gas Production in New Mexico 
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’ Footnotes to column heads and explanation of symbols are given on page 2: 
1 Included in this total is 3,372 bbl. oil produced from Black River and ee “tains fields, which have been abandoned. 


Area Proved, Acres | Total Oil Production, Bbl. 
Me ae 
Field, County Dis- 
i coy- 
a Bry, il b To End of During 
g a fo 1941 1941 
Zz 
o 
S| 
fa 
Py Perowbeed Letiaes 2 ine. ME Go nosing ck eoe dee anandacnns 1988 | 4,000 | 1,880 3,014,155 1,422,150 
2 || ASSES TOG), . Solel on ial ay See oo Se Oa ae Cae 1923 7,160 160 4,607,034 159,079 
Biupantec-Bloomfiald, San JUAN. ...cc0.000<0ccvciecvensccecscevarerte 1924 90 80 40,710 959 
4 Barber, Eada ioe vovneresresesaeeeceneenesissessateateatisees 1936 640 40 155.375 85,996 
ECO SIUULUCN ee cke sea ie acre ate (olia’sis aicianc ctvA SE CE castes ers 1929 40 40 1,396y 21 
PMRCADEOC Kael CRO Me men Mer Wate eee tava ha ee eaten wat cans 1940 40 0 1,546 - 1,546 
Paeomaniche, Chaves 2 tee leis acten cisiosts Sages epsichn vce 1936 120 0 8,190y 2,760 
8 poorer, WEE Fo era SOU HOES ERE eT Sete ee 1929 4,240 160 13,093,773 1,032,739 
OY SHY R AYN IEDs 3 arn gS Sac Beeeio ce nee ee a a ee 1938 80 40 26,624 15,846 
1D! EOD ATED S08 oe ee ae eee ee er ee 1940 400 40 38,889 30,219 
11 Eaves, BCC A. & pte toe 8 Soe eee eee name ei a ee 1929 880 160 1,607,551 289 593 
12 | Eunice, Lea. EME L Ae RT Teas Teh eet Sobre ai OTT eeaatie la ase tina reat avasevaha wrananete 1928 | 20,200 | 18,240 53,598,235 6,644,181 
PO HOR MICHER BAS Ny IS@Mil UON: acters oo pciele ncn o.npe cie.cjeqene eloveiece «Foe a ora 1934 0 580 0 0 
MEST GT OUEE STS en ret A cD oa oe er ... | 1928 240 0 604,107 50,930 
Pon Gray pure Jackson, GAY. «tacdealeclecesict, ss cncp ae le cree veh 1936 7,040 160 10,109,357 1,631,012 
TAD | LEASE 08 ales Se I Go ee Se 1939 400 0 177,988 112,318 
HO MELELCEY USEC eM ns Ws Mee ast vo c¥si tegatana oscha Wee scee accvenc orakee @ * 1935 5,040 200 3,929,792 778,062 
Higa libre OES OME sy HMEdg! 3 am, ariee cnet casa; vee dex Bheoal arc) aiv'wse ate-s a rates 1939 360 160 21,562 12,818 
TDs GS PE, oo nite A Ee Ce ee 1928 | 10,160 | 10,040 97,407,929 3,624,159 
20 | Hogback, San J ULI ee iS Moy ie Le eee heats OS esr aueha, «Ahead 1922 160 0 2,097,982 72,553 
PIM MELOSDALAIU CH eH es teh cases emai) > cosines nrantiovesia, sas Sora ais) np erdiare ee 1927 300 0 384,715 194,133 
ED | ARTE TREDE SS nad” cts ohio ES eae ea Sa 1927 | 1,400 | 520 6,229,920 129/471 
23 | Kutz Canyon, San Juan 2,520 0 0 
XCAR UES iA 600 6,738,162 1,368,092 
25 | Leo, Hddy........... a 0 54,509 16,279 
26 Leonard, Eddy..... 400 1,165,362 305,342 
27 | Loco Hills, Hddy 80 4,936,351 2,304,373 
Ue Ui er a ti Ber es Bete ally ae A Se a ee ce 0 6,041,955y 153,244 
EZR STATE OCU PNM Bren is ofS eG clk Measchisa sheet cf aterd7e:'sp o-ogsane's 160 1,324,544 347,384 
UMPIRE TL CGUMM NS irre nates stances cha fisidhs 8 cinch atcthle cay sauce ato 0 3,795,759 1,638,031 
Du | NE OT IEDs ole cle Se cesses Qi a> BaD ER oA oe eae eT 360 6,085,217 1,396,718 
ye SSO EEN iV OE 1 aro ies = Rigs ce ere ea Oe a 0 389 81 
AUNT INET OIG OCA en ae erat crs tiey- Saale oles Slcners sci ed el ee gele vin mpeteues 16,080 45,811,162 6,973 808 
BAMBN ONAL CR Use a eee pee jlee fil ad ic are Ripisbelefel sles wistabeos's acnjansia alee & 0 1,031,066 8,418 
DIN OLEH NEALJRENAES LCG fete oo. 2ssi<.ctirs is cits vie e sveyeicle eigicle aleve.c sd ienpidie’s 0 2,672 890 
Pua MEET OBEN UC RNY cin cere ntl ale ‘oetaretin Pati ubet- festa sMcelas a sane 5,120 6,931, 340 1,203,831 
MU ALLesMakes SOM GUA 2%) cae colic ection cee MNase dace ane ene deals 0 4, "522 574 101,791 
Sa acetl oA kesy Ops n-th setters ia sayatevey sis kravoUneiee «Rites. sit oe sie onisieie ore 680 502,688 140,927 
BDOUMRedUMOURbAIN), ML CH LEH. occas eth a2 2 sais tese is vrsiea cieleleis\ernseine ole sevens 1933 20 0 5 A00y 750y 
ENG) URANO Epes Oe, Ge ms eect e See as ae TERS ota, eee re 1,220 440 397,501 144,054 
A MIPPLLODIRSON) LOQUN mse taty ante cckey acai) he Rad cota isuewtter aes ain't cals a 60 40 390, 399 56,307 
FAB Beal oluct Ke Mlseca fiat ust vous ache estes cos aPAGite Bees a, cto ysbeDoarp: of o8\epaline 200 0 14,030 14,030 
“URN ORCI a iit TOPE A cee Benet CERO 6 ery CRCDINC LY TREO O Etc oe Reno ETE 1,320 0 478,872 215,991 
CUI See eehhol MOT Te oo Se eas < ORR Pe A te en a 120 75,331 23 283 
ATMS Rolly os ean sh seu cetsteucy <.crs\svatos acer a clatiys.2) MTR enaie 6,us ilove sietendl 3,520 2,440 2,686,493 537,075 
PENCIL HT EUEOO AIIED Ny costs cite anv Gucicsetrans = Ne tla tory iolscds AM Pare, cp vagiwion neha 3,840 200 4,834,171 961,631 
47 | South Lovington, Lea. . 4,040 200 1,180,941 523,675 
48 | South Maljamar, Lea... 240 0 31,216 28,324 
49 | Table Mesa, San Juan. 100 0 574,258 36,101 
50), Wite Dome, SGN JUAN. 2.6 cc scat cs cen les 0 640 0 0 
BUMP VACHUET, LCG See aids cack sais letinear caine s sac 14,000 0 13,279,896 4,800,608 
An MW CSG HEAEINICG) MeO anes Cieter- <te at's Micictacs helo (eitrsore,cisie\s@ ae sgaiela-aiaie Sie iv 640 0 317,891 165,287 
BI GET BIAN pac a cheek One, th ea Sedugeaaee cD OGUED o&f Ge AOR Ea en CMee 0 40 0 0 
54 SW OUI 5. Oe wn ngs Gone Soke rn tae ae Coe eae eee ea 154,190y | 62,500y | 310,370,344y! | 39,751,868y 
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TABLE 1.—(Continued) 


A Oil-production esaroniterosnra 
Total Gas Production, “ Methods, End rvoir P 
Millions Cu. Ft. Number of Oil and/or Gas Wells . rh Lb. per Sq. In. 
‘ 
3 
During 1941 End of 1941 Number of Wells i 
Com- Avg. 
8 |ToEndof| During | pleted to a be Initial | End of z 
1941 1941 | Endof| ¥ 3 #5 | % = 
g 141 | = s | 6 | € g x | 3 i] 
4 e =z a8 oe =f E Se 
g a | 2 | fa | BS | 8] 2 | 85 z 
rs i) = a” a a i= =< a 
uf 4,624 2,143 101 8 0 0 101 0 101 0 0 
2 16,549 1,549 201ly 21 2 0 ET, 3 4 173 0 
3 2 z 33 3 x 10 10 2 0 10 0 
4 0 0 17 6 0 0 16 1 0 16 0 
5 305 44 1 0 0 0 1 1 1 0 0 
6 0 0 1 0 0 1 0 0 0 1 0 
7 z x 3 0 0 0 3 0 0 3 0 
8 106,608 7,191 110 2 2 0 87 5 24 53 0 
9 0 0 3 1 0 1 2 0 2 0 
10 18 14 ll 4 0 1 10 0 5 5 0 I 
11 8,148 1,530 26 4 0 0 23 2 13 10 0 1 
12] 216,207 22,890 508 1 0 0 491 2 435 56 0 
13 635 418 7 4 0 0 0 7 0 0 0 
14 0 0 9 0 0 4 5 0 5 0 
15 14,871 6,132 186 41 0 0 176 2 139 37 0 
16 0 0 10 3 0 0 9 0 0 9 0 
17 14,835 3,039 126 1 1 0 120 0 95 25 0 
18 290 180 13 2 0 6 7 4 2 5 0 
19| 204,989 5,153 268 2 0 0 252 4 218 34 0 
20 x x 7 0 0 0 7 0 7 0 0 
21 0 0 20 7 0 0 20 0 0 20 0 
22 37,280 5,259 48 1 5 0 18 13 6 12 0 
23 12,958 1,983 17 0 0 0 0 17 0 
24 62,184 20,429 150 1 1 0 126 21 112 14 RP 
25 20 6 0 0 0 6 0 5 0 
26 1,157 547 59 12 1 0 46 8 31 15 0 
27 7,464 3,473 189 18 0 2 181 0 151 30 PM 
28 0 16 0 0 0 11 0 0 ll 0 
29 7,537 2,288 41 1 0 0 29 0 23 6 0 
30 16,553 1,553 158 59 0 1 142 0 126 16 x 2 0 
31 32,395 11,304 178 10 0 0 156 10 136 20 1,400 2 0 
32 0 2 1 1 0 1 0 0 1 2 z 0 
33 126,031 16,372 508 6 0 0 498 0 483 15 1,427 1,270 0 
34 36 2 0 0 0 2 0 0 2 0 
35 3 1 0 0 0 1 0 0 1 0 
36 34,664 8,294 193 6 1 0 191 0 160 31 0 
37 0 78 0 0 2 41 0 0 41 0 
38 686 435 81 32 4 0 63 16 0 63 0 
39 0 7 0 0 0 6 0 0 6 0 
40 41,454 11,280 39 % 1 0 15 8 13 2 0 
41 156 15 1 0 0 13 0 1 12 2 0 
42 0 0 5 5 0 0 5 0 0 5 x 0 
43 194 88 33 6 0 0 29 0 19 10 2 0 
44 228 58 3 0 0 0 3 0 1 2 x 0 
45 10,738 6,645 97 8 0 0 82 4 58 24 1,420 1,3 0 
46 17,602 3,540 99 1 0 0 75 2 71 4 | 1,455 1,175 0 
47 936 475 43 6 0 0 40 1 81 9 1,670 1,191 0 
48 3 3 6 4 0 0 5 0 4 1 x z 0 
49 0 0 6 0 0 0 6 0 0 6 = x 0 
50 7,379 910 3 0 0 0 0 3 720 560 0 
51 10,847 3,443 381 13 0 0 341 0 288 53 1,630 1,269 0 
52 2 15 6 0 0 15 0 3 12 1,300 1,200 0 
53 0 0 1 1 0° 1 0 0 0 0 z zr 0 
54] 1,016,586y| 148,6902 | 4,141y | 315 19 29 3,664 136 2,764 891 


~ 
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Producing Formation 
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Deepest Zone Tested 
to End of 1941 
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Farmington sand 
Capitan 

Mesa Verde and Pic- 
tured Cliffs 


San Andres 


San Andres 
White lime 
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Permian sand 

White lime 
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Capitan 

Saag sand and White 
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White lime 
Permian sand and White 


e 
Permian sand and White 
lime 
White lime 
Dakota sand 
Hospah sand 
ite lime 
Pictured Cliffs 
Permian sand 
Permian sand 
Permian sand 
Permian sand 
White lime 
Permian sand and White 
lime 
White lime 
Permian sand 
Carlsbad 
White lime 
White lime 
White lime 
Permian sand 
Dakota 


San Andres Permian 


Mesa Verde 

Permian sand 

White lime and Permian 
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White lime 

Permian sand 

White lime 


Permian sand 
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BeUManrrbarah nun mn wndyyvnar Yonnnnnaynny of Shnbpah oy umm 
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a 
5 Depth of 
Fe > Hole, Ft. 
a 5 
a | 3 
27) $ 
A | San Andres Per 3,880 
AM | San Andres Per 4,035 
S| Lewis Shale CreU 2,665 
A | Capitan Per 1,953 
H. | Mesa Verde CreU 4,550 
A | San Andres Per { He PB. 
ML | Capitan Per 1,400 
A | Lower San Andres Per | 5,095 
A | San Andres Per { oa: PB. 
A | San Andres Per 23545 
A | San Andres Per 3,542 
A | San Andres Per 4,404 
H | Pictured Cliffs CreU 1,989 
A | Permian 6,683 
A | San Andres Per 4,383 
A | San Andres Per 4,005 
A |San Andres Per 3,872 
A | San Andres Per 3,850 
A | San Andres Per 4,500 
D_ | McElmo CreL 1,225 
DF | Dakota CreU 3,282 
A | San Andres Per 4,125 
H | Mesa Verde CreU 4,400 
A | San Andres Per 4,385 
ML | San Andres Per 3,857 
A | San Andres Per 3,591 
. A | San Andres Per 3,453 
A | San Andres Per 4,046 
A |San Andres Per 5,095 
A | San Andres Per 4,725 
A | San Andres Per 4,200 
A |San Andres Per 3,305 
A | San Andres Per 4,534 
A | San Andres Per 4,046 
A |San Andres Per 4,097 
A | San Andres Per 4,705 
AF | Ignacio Quartzite Cam] 7,397 
A | San Andres Per 2,905 
AF | Mesa Verde CreU , 640 
A | San Andres Per 4,115 
A | San Andres Per 4,359 
A | San Andres Per 3,825 
A | San Andres Per 4,890 
A | San Andres Per 4,757 
A | San Andres Per 4,052 
A | San Andres Per 6,202 
A | San Andres Per 5,302 
A | San Andres Per 4,500 
A | Chinle TriU 3,010 
D | Dakota Sand CreU 2,350 
A | San Andres Per 5,329 
A | San Andres Per 4,695 
xz | San Andres Per 2,500 
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of the Langlie field. This project, the 
first in New Mexico, embraces 13 oil 
wells on 520 acres, and it was operating 


OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1941 


the greatest recovery for any field in 
Eddy County. 
The gas-field discovery for New Mexico 


TABLE 2.—Summary of Drilling Operations in New Mexico 


Important Wildcats Drilled in 1941 


Location 
Surface 
County Formation 
Sec. 

Dh Chay Ves: 878 fk asc a ee AA niet eae Gl Se ete ee 17 98 Tertiary 
2 | Chaves....... 29 118 Tertiary 
Sc Chaven en aetucnr, Balan wie kre eae Ret ce ote ee eee 13 118 Tertiary 
A5 Coa Res aM <). pete bee coe. cheb ele | rene eee ee ae 16 118 Tertiary 
BCMA ROE. teary 9s Age ate RO cme eta oe pay lee aa Rae oes 11 128 Tertiary 
Gil De Bata.ce cee oye ite oh Tae eee cn eee 1 1N Tertiary 
7| Dona Ana 35 228 Tertiary 
8 | Eddy... 13 168 Tertiary 
Di GIG SON tic he eee ee co Sosliw aa ag 34 168 Tertiary 
LO) -Bddysafotn eee Sheen ee ee en 31 168 Tertiary 
U1) Bddinedtre! Os cee eee ie ote ace bash tee os Rear 14 178 Tertiary 
LOH Hdd. ftae antes ioc utente tan 5 Seo, MORE cite Seed 18 178 Tertiary 
Ro) LOR yee rk oh tye ole. ot Regt Phe oo oe ae Ps oo te 4 178 Tertiary 
14, Biddy aes ey Oe et aie Rabies POPS hee Fee D sree Salt ae 9 198 Tertiary 
DS Biddy 2 er ars ae chars k ste Sree ae ei 22 198 Tertiary 
EUG fe Io A Zee area i cy UK eee A APO es eget Os Od A De ne 5 198 Tertiary 
TN WAG fen fos ae aan cee Se Atak 5 Bae 10 198 Tertiary 
LS) ) ACA eit, aioe sar or a eee tea oe 34 19§$ Tertiary 
NO dye. sites ok RUM ce 6 Oe afi a ee ee, aes 24 198 Tertiary 
AUT TAL bs a pen ee lp Ren eee GREER ry lle 8 208 Permian 
Bie) Bddoec eh Aan MNOS Le 19 Permian 
22 | Eddy 32 Permian 
23 | Eddy 33 Permian 
lO OW ne: «acter Meee tA WAL coe ae 5 Tertiary 
25 | Eddy ie 14 Tertiary 
PLO RLS SU jee nee wile obese, gene Rete ore ie ky Reems ce 6 Tertiary 
QTY S49 sere aa oe 9 Permian 
28 | Eddy 15 Tertiary 
29 | Eddy..... 13 Tertiary 
30 | Eddy 28 Tertiary 
Bla LiCaeah hires a ae pant seat ante, Coe se Ck, ate cite 16 Tertiary 
32 | Lea 3 Tertiary 
33 | Lea 18 Tertiary 
BA LOE Resa Me nati Meee ORE cae ch eine ae ae eee 4 Tertiary 
CHG RYO ae: Arora ee AE A On ee ee 22 Tertiary 
36|Lea...... 4 Tertiary 
BT Death taa'scaxierwetnoe Muara: oh 31 Tertiary 
38 | Lea........ 22 Tertiary 
CLOW BUST Ip erat a cee ae i a 18 Tertiary 

40 | McKinley ll Cretaceous. 

at fl DICHIGIOY Gia ty ets eh clos Menon ce ee ee ee wane 14 Cretaceous 

AZ PANG O VAL o-. cacteecreet a ersithMietie eases OLS aeRO, ee Med 1 Cretaceous 


satisfactorily at the close of the year. 


Eddy County 


The Loco Hills field continued to be the 
largest producing field in Eddy County, 
with 2,304,373 bbl., followed by the Gray- 
burg-Jackson field with 1,631,012 bbl. and 
the Leonard field with 305,342 bbl. The 
Grayburg-Jackson field at the end of 1941 
had a total recovery of 10,109,357 bbl., 


during 1941 was in the Wills area, Eddy 
County, drilled by Sudderth et al. in sec. 
14, T. 20 S., R. 28 E. The well was com- 
pleted at a total depth of 963 ft. plugged 
back to 930 ft. and had an initial potential 
of 3000 M cu. ft. of gas per day. At the close 
of the year this well had no pipe-line 
connection and was the only completion 
in the field. 


Ey, a 


Five extensions to proration areas were 
completed in 1941 in Eddy County. In 
sec. 13, T. 16.S., R: 30 E., J. W.. Jones 
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completed for 50 bbl. a day from 3850 ft. 
The High Lonesome field was also extended 
to the south by Sanders Brothers, who 


Important Wildcats Drilled in 1941 


a BARS Hee 
Deepest Choke Sq. In. 
Horizon Drilled b: or Remarks 
Tested if G tee 
. aS, ne 
vu. $%p1, | Millions Soa 
Alsi -| Cu. Ft. ing | ing 
1| San Andres Permian | A. Pierce, et al. Dry hole 
2| San Andres Permian | R. I. Willson Dry hole 
3| San Andres Permian | Mac T. Anderson Dry hole 
4| San Andres Permian | L. E. Elliott Dry hole 
5| San Andres Permian | Roxana Oil Co. Dry hole 
6 | San Andres Permian | Compton Oil Co. Dry hole 
7} San Andres Permian | Al Parker et al. Dry hole 
8| San Andres Permian | J. W. Jones 50 No est. 2 Extension High Lonesome area 
9] San Andres Permian | Sanders Brothers 77 0.049 2 Extension High Lonesome area 
10} San Andres Permian | Nay Hightower 390 No est. 2 Extension Robinson area 
11} San Andres Permian | Brewer Drilling Co. Dry hole. Aban. 1940 at total 
4 depth 1282 ft. 
~ 12] San Andres Permian | W. D. Flynn Dry hole 
13 | San Andres Permian | Sanders Brothers 58 No est. 2 Extension Grayburg Jackson 
14| San Andres Permian | Dooley & Haynes Dry hole 
15} San Andres Permian | 8. P. Yates Dry hole 
16| San Andres Permian | Jones and Yates Dry hole 
17| San Andres Permian | O. F. Featherstone Dry hole 
18} San Andres Permian | Flynn Welch & Yates Dry hole 
19] San Andres Permian | P. B. English 130 Pumping 2 Extension Shugart area 
20| San Andres Permian | Truett & Tallmadge Dry hole 
21} San Andres Permian | Jack Harris Dry hole 
22 San Andres Permian | Whiting & Grant Dry hole 
23] San Andres Permian | Trojan Oil Co. Dry hole 
24 | San Andres Permian |} Basin Oil Co. Dry hole 
25) San Andres Permian | Sudderth et al. 3 Discovery Wills area 
26 | Capitan Permian N. H. Wills Dry hole 
27| San Andres Permian | Black & Ratliff Dry hole 
28) San Andres Permian | A. & M. Petroleum Co. Dry hole 
29 | Capitan Permian Nick Manetas Dry hole 
30 | Delaware Permian Frederich et al. Dry hole 
31} San Andres Permian | Carl B. King Dry hole 
32 | San Andres Permian | Helmerich & Payne ae Dry hole 
33 | San Andres Permian | Fullerton Oil Co. 400 ft. oil in hole ’ Abandoned 
34| San Andres Permian | J. W. Brown Swabbed small amount oil and water Abandoned 
35 | San Andres Permian | Richmond Drilling Co. | Show of oil Abandoned 
36| San Andres Permian | Culbertson & Irwin Dry hole 
37] San Andres Permian | Culbertson & Irwin Dry hole 
38} San Andres Permian | Marshall & Uscan : Dry hole 
39| San Andres Permian | Leonard & Welch 2501 Pumping 2 Discovery Salt Lake area 
40 | Dakota Cretaceous Ambrosia Investors Co. Dry hole 
41| Dakota Cretaceous | A. S. Waddell Dry hole 
42| Dakota Cretaceous | Siemens & Boyd Dry hole 


a a a ne ee rn yn nnn gn 
ee 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1941 
Number of oil wells completed during 1941 
Number of gas wells completed during 1941 


Number of dry holes completed during 1941 


90 31 
295 6 
18 1 
43 39 


reworked an abandoned well and was 
credited with extending the High Lonesome 
field to the east. The Jones’ Etz No. 1 was 


1 Pumping. 


completed their Leonard No. 1, sec. 34, 
T. 16 S., R. 30 E., at 2982 ft. for 77 bbl. of 
oil per day. 


3/9 


Nay Hightower extended the Robinson 
area to the southwest by completing his 
Grier No. 1 at 3118 ft. for 390 bbl. of oil 
per day, in sec. 31, T. 16 S., R. 31 E. 

The Grayburg Jackson area had au 
extension to the northwest when Sanders 
Brothers completed their Evans No. 1, 
sec. 4, T. 17 S., R. 30 E. at 2975 ft. for an 
initial potential of 58 bbl. per day. 

P. B. English extended the Shugart area 
to the south by completing his Jones No. 1 
in sec. 24, T. 19 S., R. 31 E. at 2470 ft. for 
130 bbl. of oil per day, pumping. 

The greatest drilling activity in Eddy 
County during 1941 was in the Grayburg- 
Jackson field, with 45 completions, 40 being 
oil wells, 1 a gas well and 4 dry holes. 

During 1941 the New Mexico Oil Con- 
servation Commission granted the oper- 
ators in the Loco Hills field a permit for 
pressure maintenance. The entire field 
joined in an operating agreement to save 
and return all gas to the producing horizon 
at a pressure equal to, or greater than the 
present formation pressure. At the end 
of the year this project had been operating 
about three months, returning the gas 
through ro input wells and gathering the 
produced gas from some 160 oil wells. 
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NorRTHWESTERN NEW MExIco 


In San Juan County most of the drilling 
was confined to the Bloomfield and Fulcher 
Basin fields. In Bloomfield three gas wells 
and one dry hole were drilled during 1941. 
At Fulcher Basin, four gas wells were com- 
pleted. Rattlesnake continued to be the 
largest oil-producing field in San Juan 
County, with 1941 production of 101,791 
barrels. 

In McKinley County the Hospah field 
had an active drilling campaign during 
1941, seven oil wells being completed. 
Production from this field during 1941 
amounted to 194,133 bbl., placing Hospah 
the first in rank among oil fields in north- 
western New Mexico. 
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Oil and Gas Developments in New York during 1941 


By C. A. Hartnacet* 


DuRING 1941, the total production of 
crude oil in New York state was 5,185,000 
bbl. This represents a small increase over 
the average for the past five years. From 
1921, when the annual production of the 
state amounted to only 988,000 bbl., there 
was a regular annual increase in production 

_(excepting one or two years) until the 
5,000,000-bbl. mark was reached in 1937. 
After more than 20 years of oil recovery by 
flooding methods, it was generally believed, 
until a few months ago, that the rate of 
production was nearly at its peak and 
within a few years the fields would experi- 
ence a gradual decline as the thicker sands 
became exhausted and the thinner ones 
could be worked only at increasing costs. 

As a result of the present emergency, 
however, unusual efforts are being made, 
in spite of higher costs of operation, to 
increase the output of Pennsylvania grade 
oil, to which the New York product be- 
longs. Since most of any increased produc- 
tion would be obtained by flooding, and 
since floods travel slowly, no large increase 
in production can be expected for some 
months to come. During the first year, 10 
or 15 per cent increase could be obtained, 
but maximum production, an increase of 
perhaps 40 per cent, could not be expected 
until some time during the second or third 
year. In the Allegany fields, which account 
for two thirds of the state’s oil production, 
1246 wells, including water-intake wells, 
were drilled during the year; 390 more than 
in the preceding year and 590 more than in 


1939. 


Published by permission of Director of New York 
State Museum, Albany, N. Y. Manuscript received 
at the office of the Institute March 31, 1942. 

* State Geologist of New York, Albany, N. Y. 
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It is evident that much of the best oil 
territory has already been developed. As 
producers move toward edge properties 
and thinner sands, returns will be smaller, 
whereas costs remain the same or, under 
war conditions, become higher. It is esti- 
mated that at least 60 million barrels of 
oil is in sight and will be produced from 
the thicker sands by present recovery 
methods. In the thinner sands and edge 
properties, some 35 million additional 
barrels can be produced at a profit only 
if prices become higher. In view of the 
fact that there is little hope of finding 
new oil pools in New York, one of the 
future problems of the oil producer will 
be to obtain adequate returns for increased 
production costs. 

The year started with a posted price of 
$2.15 per barrel of crude. There were five 
successive price increases until the high 
of the year was reached at $2.98 on Aug. 
14. Eight days later the Office of Price 
Administration directed that the price be 
reduced to the June level of $2.75 a barrel, 
which remained in effect to the end of the 
year. With rising costs of operation, it is 
feared that many of the smaller properties 
cannot continue production unless the 
Federal price cut is revoked. . 

During the year, Allegany Refiners Inc., 
a local enterprise founded in 1933, with 
plant at Bolivar, western Allegany County, 
increased its refining capacity from 1000 
to rsoo bbl. daily. At the same time 
equipment was added to make the plant a 
complete lubricating-oil refinery, including 
facilities for the refining of wax into the 
finished product. Previous to the enlarge- 
ment, it was necessary to sell the wax 
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OIL AND GAS DEVELOPMENTS IN NEW YORK DURING I941I 


TABLE 1.—Oriskany Wells Completed in New Yo 


rk State in 1941 


ep Bus 4s =| 
d |oze : As™| sa 
County and Township Name of Well |‘ aad Drilled by 435 Bn Remarks 
5s BE 3 SEs 2 Py 
(25h fences 5 a 
All Count . 
oarng fred. See On: C. L. Lynch 2,208] 4,414 | Belmont Q. D. Co. 1200 ft. S. W. in 18 hr. at 4415 
SAlfea ate teu Eda L, Jermain. /1,771/3,062 | Hanley é& Bird | 2,500] 1,260/ $00 Meu. ft. before shot, 
- d iggins et al. cu. ft. Tr secon : 
3. Allen .| F. Woodruff No. 2 | 1, 704| 3,006 iggins et a 8. W W. filied 1500 ft. in 24 hr. Show 
0 
AS Allene ereceters Mina G. Phipps | 1,661] 2,969 | Belmont Q. D. Co. Show i gas at 2976 S. W. 
5. Allen .| Frank L. Lilley 1,650} 3,000 | H. French et al. nape = and oil at 3002, but 1500 
6. Andover........ Maxon Crandall | 2,291] 4,904 | Empire G. & F. Co. | 5,800] 1,650| First gas, 1250 M cu. ft. at 4906 
st. 
WAeBITOSS sea deere Dan Monaghan | 1,525] 2,840 | Penn-York Dry and abandoned 
8. Independence. ..} Milford Bassett | 2,184/ 4,937 | Empire G. & F. Co. 100 ft. S. W. in 1 hr. 
9. New Hudson....| Harback 1,484| Hori- | Hill & McKinney ee pees a 3269. No trace of 
zon san 
3,355 
10. Willing .| Clarence Johnson | 2,192] 4,885 | Cunningham 100 ie Bs ft. gas and 200 ft. S. W. 
in 
Lia Willhng scones: William Shear No. | 2,143] 4,815 | Cunningham 140 wdig Bes ft. gas and 6 bbl. S. W. 
3 
127 Willing?vasees ss Patrick Ludden | 2,280} 4,973 | Cunningham 250 M cu. ft. gas and 1300 ft. S. W. 
No. 2 in pipe 
— County: 
3. Cameron....... Steuben Co. No. 1 | 1,528] 3,897 | Belmont Q. D. Co. | 16,200) 1,475| Gas at 3899 
if Cameron....... as H. Boyd 1,573| 3,948 | N. Y. S. Nat. Gas | 8,600] 1,300) Gas at 3955 
0. 1 
15. Cameron....... Baptist Church 1,504| 3,878 | C. D. Wharton 5,750] 1,000! 200 M cu. ft. at 3884, but at 3887 
Lot increased to 5750 M cu. ft. 
16. Cameron....... Herbert Thomp- | 1,702) 4,080 | N. Y. S. Nat. Gas | 3,500} 760] Gas at 4088. Open flow 475 M, but 
son No. 2 a after shot with 5 qt. to 
17. Cameron....... Glenn Boyd No. 2 | 1,485} 3,857 | N. Y.S. Nat. Gas | 1,700 Gas at 3861 ft. 
18. Fremont........ Oscar Tuttle 1,581] Hori- | N. Y. S. Nat. Gas Top Onondaga 3185; no trace of 
a sand 
19. Howard........ jona Schaumberg | 1,836 3.570 Leiderbach et al. 2,500) 1,400) 500 M cu. ft. gas increased after shot 
20. Howard........ Laura Roosa 1-A | 1,853| 3,589 | Hanley & Bird 900) 1,470) 250 M cu. ft. gas increased after shot 
21. Howard:|....... Laura Roosa 1-B | 1,852] 3,601 | Leiderbach et al. 1,500 yee M rer ft. gas at 3606 increased 
ter shot 
22, -Howard........ L. C. Roosa No. 2 | 1,723] 3,468 | Leiderbach et al. 600 First gas at 3471 
23. Howard........ John Schaumberg | 1,707] 3,443 | Belmont Q. D. Co. 521 First gas at 3447 ft. At 3452 ft. flow 
No. 2 reached 213 M cu. ft. Shot with 20 
qt. increased to 521 M 
24, Howard........ Thomas Moss No. | 1,678] 3,401 | Empire G. & F. Co. | 1,000 180 M cu. ft. at 3405-7. Shot with 
2 20 qts. increased to 1 MM 
25, Jasper. ......+.1 Floyd Sherman 2,236] 4,827 | Van Gilder et al. 100 M cu. ft. gas at 4833 ft., but 
8. W. filled hole in 24 hr. 
26. Jasper.......... L. Walrath 1,802) 4,189 | Kerr & Kaufman ae of gas at 4189 ft., but S. W. at 
27. Rathbone....... John McCaig 1,029] 3,376 | Belmont Q. D. Co. 1 bailer S. W. per hour 
28. West Union..... James Hamilton | 2,128) 4,986 | Belmont Q. D. Co. " Noes 1 ft. - at 4938 but 3000 
0. t. S. W. in 12 hr. 
29. West Union..... George Lewis No. 1} 2,230] 5,009 | Belmont Q. D. Co. | 14,300 Gas at 6 ft. in sand 
30, West Union..... John Hardin | 2,315] 5,144 | Penn-York 200 ft. S. W. at 5146 
31. West Union..... eet Hamilton | 2,222) 5,004 | Penn-York 9,000) 1,395] First gas at 5007 
0. 
32. West Union..... George Lewis No. 2} 2,318) 5,098 | Belmont Q. D. Co. | 16,000] 875] First gas, 452 M cu. ft., }4 ft. insand 
33. Woodhull. . .| Burnett Hibbard | 1,452) 4,253 | G. L. Cabot S. W. at 4255 
Chemung County: 
mira City..... Ben Barcus No. 2 | 843] 2,711 | Updegraff 50 M cu. ft. gas in Tully. T. D. 3011 
35, Elmira City..... Hyna Josephson 852| 2,715 | Rogers et al. 100 
36. Elmira City..... C: 2 Updegraff | 854/ 2,712 | Updegraff 40 M cu. ft. gas in shallow sands. 
i hg Se No. Dry and abandoned 
37. Elmira City..... Mary aoe 857] 2,714 | Updegraff 560 First gas at 2717 
38. Elmira City..... Harold Shay 855} 2,730 | Rogers et al. a led with S. W. Plugged at 
39. Southport. ..... Bert Harder 956) 3,095 | Rogers et al. re Ws show of gas at 3100 
Tompkins County: 
40. lon Aare George Hildreth | 1,213] 1,905 | Belmont Q. D. Co. 8. W. at 1908 
renee. County: 
BITys voce Frank Eaton 1,830] 1,425 | G. L. Cabot Red Medina 2522-86; White 
; Medina 2586-91. Black water 2201 
G2 A Perry ice cere: Karl Davis 1,185) 1,239 | G. L. Cabot Red Medina 2226-2313. 97 M cu. ft. 


at 2291 ft. 


Total daily initial Oriskany production, 91,031 M cu. ft. 


—— 
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distillates to other plants for further refin- 
ing. The Bolivar refinery is midway be- 
tween the two larger refineries of the New 
York oil fields—the Sinclair at Wellsville 
and the Socony-Vacuum at Olean. 


NATURAL GAS 


In 1941, New York state drilling oper- 
ations for natural gas in the Oriskany 
sandstone showed a decrease in initial 
production for the fourth successive year. 
From an all-time high daily initial produc- 
tion of 403,418 M cu. ft. in 1937, the initial 
production fell until it was 100,910 M cu. ft. 
in 1940 and 91,031 M cu. ft. in roqr. 

Of the 42 wells drilled during 1941 in the 
Oriskany sandstone area, 18 were produc- 
ers. The more important activities were in 

Steuben and Allegany Counties, not far 
from the Pennsylvania border. In these 
two counties, 33 of the total 42 Oriskany 
wells were drilled, of which 16 were listed 
as producers. No new production was 
obtained in the old established fields— 
State Line, Beech Hill, Greenwood or 
Woodhull. 

Two wells were put down in the Inde- 
pendence-Andover extension of the Beech 
Hill field in Allegany County, an area that 
proved promising a year ago. Of these, a 
well on the Maxon Crandall Estate along 
the Independence township border in 
Andover township had an initial produc- 
tion of 5800 M cu. ft. of gas. The second 
well was dry. The only other new produc- 
tion in Allegany County was from the Eda 
L. Jermain, in Allen township, which came 
in with an initial production of 2500 M 
cu. ft. Of 22 wells drilled in this locality 
in the last 10 years, six have been produc- 
ers but only three have passed the million 
mark. 

The total initial production in Allegany 
County from the two wells named was 
8300 M cu. ft. of gas, by way of contrast 
to the 84,625 M cu. ft. from 13 wells 
produced in that county one year ago. 
Initial production likewise reversed itself 
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in Steuben County, where the 1940 produc- 
tion totaled 13,580 M cu. ft. from three 
wells, and for 1941 totaled 82,070 M cu. ft. 
of gas from 14 wells. 

One-half the 42 Oriskany wells drilled 
in 1941 were Steuben County wells. Of the 
21 wells drilled, two thirds were producers, 
accounting for 90 per cent of the total 
initial daily production in New York state 
for the year. Eight producers in two town- 
ships alone, West Union and Cameron, 
accounted for 82.5 per cent of the total 
initial production. 

In Cameron township, where five pro- 
ducers were drilled in during 1041, new 
production totaled 35,750 M cu. ft. of gas. 
One of these, the best producer of the 
year, Steuben County No. 1, came in at 
16,200 M cu. ft. In 1939, nine wells were 
drilled in this township, all within 2 miles 
of the 1941 producers, only one of which 
found gas. Three of five wells drilled in 
West Union township during 1941 were 
producers, with initial production totaling 
39,300 M cu. ft. of gas. These wells are all 
in an area of about one mile in diameter. 
In Howard township, six wells drilled 
during 1941 all had small production. The 
wells are close together, and it is doubtful 
whether the field will be long lived or bring 
in large wells. 

Additional exploratory wells to the 
Oriskany sandstone were drilled in Tomp- 
kins, Chemung and Wyoming Counties, 
but of these the only successful wells were 
in Chemung County; there two small pro- 
ducers were completed, contributing less 
than one per cent to New York state’s 
total initial Oriskany production. As a 
whole, the known Oriskany sandstone 
areas are becoming rapidly depleted, 
numerous tests during the last few years 
having failed to find any important new 
Oriskany pools. It is evident that, with the 
failure to find important new supplies, the 
use of natural gas in the state must be 
greatly curtailed unless additional gas can 
be obtained from other states. 


Oil and Gas Development in Ohio in 1941 


By Kennetu CorrincHaM,* MEMBER A.I.M.E. 


THE year 1941 brought a considerable 
increase in drilling activity in Ohio. In 
1940, the total of wells completed was 1228, 
whereas in 1941 it was 1561, or an increase 
of approximately 27 per cent. Of the 1561 
wells, 333 were oil wells, 7o1 gas wells and 
527 dry holes. The completions for the 
past five years are shown in Table 1; the 
number of productive oil or gas wells for 


TABLE 1.—Completions in Ohio during Past 
Five Years 


Number of Wells Drilled 
during Year 
Year 

Oil Gas Dry Total 

1937. 317 503 451 1,271 
LOZ Se ihe eiaiee eters 1890 433 288 910 
1939. 170 501 349 1,020 
1940. 327 491 410 1,228 
WONT chos.cchets.< 3 333 701 527 1,561 
Ota ta ameucernd 3 1,336 2,629 2,025 5,990 


4 Old wells drilled deeper and water-flood injection 
wells are not included in this table. 
the year 1941, arranged by producing 
formations, are given in Table 2; the num- 
ber of wells, oil, gas or dry, completed in 
each county in 1941, in Table 3, and wells 
by sands in Table 4. 

The production of oil increased by about 
500,000 bbl. in 1941, nearly all of the 
increase being in Pennsylvania grade. In 
1940, the total production was 3,052,000 
bbl. from 25,500 wells. In 1041 the total 
production was 3,547,534 bbl. from 24,801 
wells. The increase in production is chiefly 
due to the Clinton pool in Clayton town- 
ship, Perry County, which is briefly men- 

ee ae peeve at the office of the Institute 
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tioned later in this review. The number of 
oil wells, by grades of oil, and the total 
quantities produced are shown in Table 5. 


Annual oil production for five years is listed 


in Table 6. 

The average prices paid for crude in 1941 
were slightly higher than in 1940. These 
1941 prices, with dates of change, are shown 
in Table 7. 


TABLE 2.—Number of Producing Wells 
Drilled during 1941, and Average 
Initial Production per Well 


Oil Wells Gas Wells 

Average Average 

Sand Nar cat Win Daily 

ber of sory! ber of ee a! 

Wells Well, Wells We Bie M 

Bbl. Cu. Ft. 

Shallow. . Seca: iy 65 4 162 381 
GRGR on ge ce cn 178 6 150 188 
Ohio shale........ te) 26 I9I 
Oriskem ye ane. c0 ie o 7 432 
Newburg... 5.04 I 3 29 1,356 
LG) Shel 20) eee 80 III 325 1,092 
SPTGDRON EL chico se 9 5 2 50 

Sub-Trenton..... to) ° 

OtH ase hetarn|ll S3G 31 Jo. 702 


The maximum production of natural gas 
in Ohio was in the year ro15, when 
the total was just under 80 billion cu. ft. The 
maximum consumption occurred in the 
year 1916, and was approximately 169 
billion cu. ft. For the past several years, 
Ohio has ranged from eighth to eleventh, in 
order of gas production for the different 
states, being in tenth place in 1940. In the 
matter of consumption, however, Ohio 
remains in fifth place. 

Preliminary figures for 1940 indicate that 
production of natural gas increased 11 per 
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TABLE 3.—Completions in Ohio in 10941, 


by Counties+ 
ee er eee 


Oil Gas Dry 

County Wells | Wells | Holes | Total 

ee ee a 2 4 
BMAD. 6% ns 0 oye a0) 20 6 

Ashtabula....... I es ie 

PAG HONS o Hore.d neloisy« 12 60 43 II5 

Auglaize. cin... I I 

Belmont. ssc ios. 2 7 9 

3 3 

2 4 15 21 

8 10 8 26 

21 rh 28 

Ir 3 14 

9 i 10 

I z 

10 16 26 

I I 

I EA 2 

2 8 10 

2 2 

2 6 6 14 

I 12 7 20 

I £ 

6 2 8 16 

4 43 30 77 

20 2 22 

26 102 46 174 

I Io 19 30 

2 2 

I 2 3 6 

129 23 47 199 

ZB 63 28 93 

I I 

7 SE Il 49 

2 29 19 50 

5 45 07 67 

18 34 30 82 

I I 

58 Age) 5 79 

2 2 

2 2 

I I 2 

a 6 7 

20 5 25 

8 = IL 

Tuscarawas...... 21 10 31 

IV WICLE fe ita 2 2 
BV RIAROT So cies aa,< I 3 

Washington...... 30 46 32 108 

VV AVAIE suns < ous. 20 13 33 

Williams..... s I a: 

BWiOGG ar eininsisies Gc 2 I 3 

Wyandot........ 5 5 

Alors Geico 333 7OL 527 I,561 


4Qld wells drilled deeper during year are not 


included in this table. . 
b Approximately 105 Berea holes, drilled as water- 


injection wells, are not included. 

cent over 1939 and consumption increased 
13 per cent in the same period. Table 8 
gives the production and consumption of 
natural gas in Ohio for the past five years. 


DEVELOPMENT DURING 1941 


Sub-Trenton.—Interest in the sub-Tren- 


-ton “Green Sand” horizon has flagged 


considerably since 1939. In 1941, a total of 
seven sub-Trenton tests were completed, 
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two of which were in Allen County and 
one in Wyandot County. The well in 
Wyandot County found the Trenton at 
1305 ft. and reached a total depth of 1910 
ft. These three wells were dry. 


TABLE 4.—Wells Completed in Ohio in 1941, 


by Sands 
Oil Gas Dry 

Sand Wells | Wells | Holes Total 

Oy te. 65 162 123 350 

erea.... 178 150 I50 8 

Ohio shale. 0) 26 15 an 

Oriskanyaeeeee.s (0) 7 4 mgs 

Newburg ix cece: I 20 = 32 

Chatoniets:. case 80 325 206 OIL 

‘Trenton. 34-op <3 9 2 20 31 

Sub-Trenton.:... (7) to) 7 7 

Total Ween. von S33 701 527 1,561 

TABLE 5.—Tabulation by Grade 
Number 

Grade of! Wells Barrels 
Pennsylvania.... 11,960 1,508,828 
HATRA aso ciate oeke tiene 7,872 549,443 
Corsing 3. oti one ie ate Sete oe 3,637 I,034,077 
Cléveland¢ yates tae ec aniarancs 1,332 455,186 
DStalyo Myton aes 24,801 3,547,534 


¢ Lodi grade combined with Cleveland Sept. 1, r941. 


TABLE 6.—Annual Oil Production during 
Past Five Years 


Wear Production,| Number of | Average per 
Bbl. Oil Wells Well, Bbl. 
1937 3,559,000 28,122 127 
1938 3,298,000 26,880 123 
1939 3,156,000 25,6080 123 
1940 3,169,000 25,500 I24 
I941 3,548,000 24,8017 143% 


4 Preliminary estimates. 


A sub-Trenton test was drilled in sec. 8, 
Howard township, Knox County. The 
Trenton was reached at 3850 ft., and the 
total depth was 4945 ft. The well was 
drilled with only 360 ft. of casing, and as a 
result identification of formations was 
difficult because of cavings. There were no 
shows, and the test was abandoned. 

Another similar deep test was in sec. 21, 
Jersey township, Licking County. The top 
of the Trenton was at 3320 ft. and a sandy 
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formation that was called St. Peter was 
found at 3962 to 3979 ft. A very slight 
show of gas was found at 3975 ft. Water 
filled the hole at 4350 ft. but drilling con- 
tinued to 4360 ft. The well was abandoned 
at this depth. 


TaBLE 7.—Prices of Crude Oil in Ohio 
during 1941 
PER BARREL 


Grade 
Date of 
rie: 2 1 1-| C Cl 
Tices ennsyl- orn- : eve © 
vania ing Lima land Lodi 
12-31-40 $1.70 $r.12 |$r.00|$r.00 |$r.00 
1-27-41 1.85 
4- I-41 Tee 7; 
4-23-41 1.95 Le hon eenO 
5- I-41 T.TOMIES: | aes 
5- 2-41 I.24 
5-21-41 2.10 
5-27-41 ty3t 
5-28-41 Der) gas 1,22 
6-18-41 2.30 
8-14-41 2555 
8-23-41 2.30 
O- | T-Ar a 1.30 


« Cleveland combined with Lodi grade Sept. 1, ro4r. 


TABLE 8.—Natural Gas in Ohio during 
Five-year Period 
THOUSANDS CuBIC FEET 


Annual Annual 


Year 


Production Consumption 
19360 46,004,000 121,381,000 
1937 42,783,000 125,133,000 
1938 35,257,000 108,013,000 
1939 36,469,000 114,720,000 
1940 40,639,000 129,856,000 


A deeper sub-Trenton test was drilled 
in sec. 14, Wooster township, Wayne 
County. The Trenton was from sor4 to 
5710 ft. There were shows of oil at 5763 
and 57099 ft. This well was both acidized 
and shot, but finally was abandoned at a 
depth of 6116 feet. 

In Lot 1, Chardon township, Geauga 
County, a dry hole was drilled to a total 
depth of 6101 ft. The Trenton was from 
5260 to 5987 ft., and a formation identified 
as St. Peter from 5987 to 6012. The hole 
filled to within 1100 ft. of the top with 
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water from the St. Peter. The hole was 
plugged and abandoned at a depth of 
6ror feet. 

Trenton.—The Trenton drilling was con- 
fined to northwestern Ohio. The wells were 
all very small. Gas wells were drilled in 
Ottawa and Seneca Counties. Oil wells 
were completed in Allen, Hancock, Hardin, 
Mercer, Putnam and Wood Counties. 

Clinton.—Wells drilled to the Clinton 
sand exceeded by a considerable number 
wells drilled to any other formation. 
Clinton wells in 1941 exceeded also the 
number drilled in 1940 by about 43 per 
cent. The most active county was Licking, 
in which 4 oil wells, 91 gas wells, and 
39 dry holes were drilled to the Clinton 
sand. Most of these were in the area north- 
east of the city of Newark, a pool in which 
the discovery well was drilled in 1938. 
Perry County had a total of 73 Clinton 
wells, of which 57 were oil, 7 were gas and 
9 were dry. The activity in this county 
was mainly in Clayton township, in an oil 
pool discovered in 1936. At least five 
unusually large oil wells were completed in 
sec. 8, Clayton township. The initial 
24-hr. production of these wells was 
5753 407; 372; 340 and 333 bbl. In 
Knox County, 70 wells were drilled, of 
which 4 were oil, 39 were gas and 27 were 
dry. The greatest activity was in Union 
township. Muskingum County was active 
also, 67 wells being completed there, of 
which 5 were oil, 45 were gas and 17 were 
dry. Drilling in Muskingum County was 
scattered through several townships, im- 
portant among them being Brush Creek, 
Harrison and Salt Creek. 


Large Wells 


The largest gas well completed in 1941 
was the Ohio Fuel Winters No. 1, sec. 5, 
Salt Creek township, Muskingum County. 
This well produces from the Clinton sand 
at a depth of 4123 ft.; it had an initial 
open flow of 12,000,000 cu. ft. and an 
initial rock pressure of 1120 lb. In sec. 
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15, Brush Creek township, Muskingum 
County, another large well was discovered 
in the Clinton sand at a depth of 4149 ft., 
the initial open flow being 11,000,000 cu. 
ft., with a rock pressure of 755 lb. In 
sec. 23, York township, Morgan County, in 
the Clinton at 4254 ft., a well was drilled 
having 10,998,000 cu. ft. with an initial 
pressure of 1120 lb. In sec. 22 of the same 
township, the Clinton yielded 10,000,000 
cu. ft. with a rock pressure of 1125 lb. In 
sec. 11, Harrison township, Muskingum 
County, at a depth of 4262 ft. in the 
Clinton, a well was completed having an 
initial volume of 10,000,000 cu. ft. and a 
‘pressure of 740 pounds. 

In Lot 53, Hinckley township, Medina 
County, a Clinton well had an open flow 
of 6,520,000 cu. ft. and a pressure of 
970 lb., from a depth of 3377 ft. In Inde- 
pendence township, Cuyahoga County, the 
Newburg sand yielded 6,000,000 cu. ft. at 
a depth of 2720 ft. A large Clinton well was 
completed in sec. 28, Plain township, 
Wayne County, having an initial volume 
of 8,750,000 cu. ft. and an original pressure 
of 620 lb., the depth of the well being 
3160 feet. : 

The largest of the outstanding oil wells 
completed in 1941 was the Preston Oil 
Company’s Shaw No. 2, sec. 8, Clayton 
township, Perry County. This well pro- 
duced from the Clinton sand, at a total 
depth of 3269 ft., an initial daily pro- 
duction of 575 bbl. As stated previously, 
four other large Clinton oil wells were 
completed in the same section of this town- 
ship. Other large Clinton wells were two in 
sec. 14, Pike township, Coshocton County, 
with initials of 107 and too bbl. per 
day; in Lot 22, Hopewell township, 
Licking County, initial production 80 
bbl. per day; in sec. 7, Jackson town- 
ship, Knox County, initial 60 bbl. per 
day; and in sec. 14, Wayne township, 
Muskingum County, initial 60 bbl. per 


day. 


ow it 


Deep Wells 


The second deepest well in Ohio was a 
dry hole drilled to the Clinton sand in 
sec. 19, Smith township, Belmont County, 
which went to a depth of 7887 ft. and was 
completed early in 1941. The deep wells in 
Wooster township, Wayne County (depth 
6116), Chardon township, Geauga County 
(6101), and Howard township, Knox 
County (4945) have been described under 
sub-Trenton development. In Monroe 
township, Carroll County, a Clinton test 
was dry at a total depth of 5406 ft. In Smith 
township, Mahoning County, a dry hole 
was completed in the Clinton at a total 
depth of 5020 ft. Other deep tests, all 
dry, were in Elk township, Noble County 
(Oriskany), total depth 4728 ft.; in Warren 
township, Washington County (Oriskany), 
total depth 4651 ft.; and in Marion town- 
ship, Morgan County (Clinton), total 
depth 4530 ft. 

In Washington township, Harrison 
County, several Clinton wells were drilled. 
One of these, in sec. 33, Washington town- 
ship, had an open flow of 471,000 cu. ft. 
and an initial rock pressure of 1380 lb., the 
total depth being 5809 ft. Another, in 
sec. 32, Washington township, had an 
initial open flow of 365,000 cu. ft., a rock 
pressure of 1220 lb., and a total depth of 
5820 ft. The other tests were dry, the deep- 
est reaching 6255 ft., in sec. 2, Washington 
township. 

Among the deep producing wells was one 
drilled in sec. 26, Union township, Tusca- 
rawas County. The total depth of this well 
was 5289 ft., the producing formation was 
the Clinton sand, and the initial volume 
was 559,000 cu. ft., with a rock pressure of 
1170 pounds. 


OTHER DEVELOPMENT 


Interest continued in the water drive in 
the Berea sand in Chatham township, 
Medina County. The Berea lies at a depth 
of approximately 475 ft. here. During the 
year, 129 Berea oil wells were drilled in 
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the county, most of them in the flood 
area. In addition to these, approximately 
105 water-injection wells were drilled. 

An undertaking of considerable engineer- 
ing and geological importance is the sinking 
of two shafts by the Columbia Chemical 
Division of the Pittsburgh Plate Glass Co. 
at Barberton. Each shaft is approximately 
16 by 7 ft. in cross section. On Jan. 1, 1942, 
one shaft had reached a depth of 1875 ft. 
and the other was at 1113 ft. The final 
depths are expected to be 2250 and 2300 
ft. The objective is the Delaware lime- 
stone (Devonian), which will be mined. 
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Oil and Gas Development in Oklahoma in 1941 


By Raymonp D. Stoan,* Memper A.I.M.E. 


DEVELOPMENT and exploration in Okla- 
homa showed a definite increase in 1941 
over 1940 in production, wildcat activity 
and total well completions. Geological and 
geophysical work continued and possibly 
increased slightly in amount. Oklahoma 
retained third place in the ranking of oil- 
‘producing states of the nation, topped 
only by Texas and California, and followed 
by Illinois in fourth position. Production 
averaged 416,800 bbl. daily, a 1.7 per cent 
increase, as compared with 409,900 bbl. 
daily for the year 1940. Maintenance of 
the state’s relatively stable producing rate 
resulted from the discovery of numerous 
small pools, the recombing of old areas, 
the establishment of new producing hori- 
zons, and the drilling of an increased 
number of marginal wells. 

The market for the Mid-Continent crude 
was strengthened materially to meet the 
increased demand. Coincident with a 
decline in production in Illinois, shipment 
of Oklahoma-Kansas crude to the eastern 
points averaged 453,000 bbl. per day, an 
increase of 49.4 per cent as compared with 
1940. The movement south amounted to 
an average of 42,000 bbl. per day, a loss of 
41.7 per cent. 

Secondary-recovery programs in Okla- 
homa were given more consideration, 
operators realizing that in the future many 
pools would necessarily have to resort to 
this type of operation. Five permits for 
water-flooding were issued by the Corpora- 
tion Commission during the year. These 
projects were in Rogers, Wagoner and 
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Nowata Counties, in the shallow north- 
eastern area, which has relatively extensive 
development of this type in the Bartles- 
ville sand at from 600 to 1000 ft. in depth. 
Gas repressuring of an individual lease in 
the 35-year old Glenn pool, Creek County, 
proved relatively successful, and after a 
year’s operation was extended to cover a 
much larger area, with several operators 
participating. More of this type of work is 
expected in the future; however, it was 
given an initial setback when the legislative 
proposal authorizing secondary recovery 
in the Wilcox zone of Oklahoma’s largest 
pool, the Oklahoma City pool, was pigeon- 
holed by the committee. A continuation 
of the low discovery rates within the state 
would possibly lead to a revival of interest 
in the project. 

Many pools formerly classified as pro- 
rated areas were removed from this classifi- 
cation and transferred into the group of 
settled production. 

At the close of the year the issuance of 
the Federal Conservation Order M-68 and 
the interrelated Preference Rating Order 
P-98 caused a sharp decline in drilling 
operations, which is expected to continue 
until such operations are stabilized at a 
lower rate. The ultimate effect of these two 
orders on discoveries, production and 
reserves is a matter of speculation and 
conjecture. 

During the year, 2110 new wells were 
drilled, an increase of approximately 18 per 
cent as compared with the previous year. 
Of the total, 1235 were oil wells with a 
combined initial potential of 342,754 bbl. 
daily, 178 were gas wells with a total 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN I9Q4I 


TABLE 1.—Oil and Gas Production in Oklahoma 


P 1 Year of 
Field, County Desovers 
3 
q 
J 
7 
s 
3 
CENTRAL OKLAHOMA 
Ll) Avery, Lancoltt saiseec = stele ielei 1939 
2) Chandler, Lincoln............. 1924 
3] Davenport, Lincoln........... 1924 
4 North, Lincoln........... 1941 
5 West, Lincoln. ........+.- 1940 
6| Gessman, Lincoln 1934 
7| Hoyt, Linéolns 010 ov.6ccc ee. sss 1935 
8] Kendrick, Lincoln............. 1940 
9| Laffoon, Lincoln.............. 1932 
10} Lincreek, Lincoln............. 1932 
11] Payson, Lincoln..............- 1940 
12) Pock= bencoln os 6-7 reese 1926 
18} Perkins, Lincoln... 2.00.00... 1940 
14] Sac and Fox, Lincoln..........| 1924-37 
15} Skellyville, Lincoln............ 1925 
16)'Sporn, Lincoln... .........2, «+ 1936 
17| Stroud, Lincoln............... 1923 
18] Wellston, North, Lincoln. ..... 1936 
19] Wilzetta, Lincoln............. 1934 
20 South, Lincoln........... 1936 
21] Miscellaneous, Lincoln. ....... 
22] Cleveland, Pawnee............ 1904 
23| Greenup, Pawnee............. 1926 
24! Hallet, Pawnee............... 1922 
25] Jennings, Pawnee............. 1916 
26] Keystone, Pawnee............. 1919 
27 Lauderdale, Pawneesas vce wee 1915 
28] Maramec, Pawnee............ 1920 
29| Masham, Pawnee............. 1924 
30| Pawnee, East, Pawnee......... 1941 
31| Ralston, Pawnee ............ 1924 
32] Skedee, Pawnee.............. 1926 
33] Terlton, Pawnee.............. 1912 
34 North, Pawnee........... 1917 
35] Watchorn, Pawnee............ 1922 
36] Miscellaneous, Pawnee........ 
37| Broyles, Payne........ 1918-39 
38 East, Payne. ric 1940 
89] Coyle, Payne.................]| 1988-40 
BON GSE SPOUNE ces oniaee iene 1920 
41] Ingalls, Payne................ 1914 
42] March, Payne................ 1922 
43 North, Payne. ........... 1926 
44] Mehan, Payne................] Prior to 
1925 
45 Northeast, Payne......... 1941 
46| New Cushing, Payne.......... 1916 
47) Norfolk, Payne.......... .... 1916 
48 VVBBL GUA LL: 1 teak Nate 1929 
49| Orlando, Payne otiehsateeadteues 1929 
50 Masts POUNE dieu. crete tes. vate 1941 
51] Ramsey, Payne............... 1938-40 
52] Ripley, Payne NAP eer 1923 
08/5 8 North, Paynes. cs ..5 een. 1923 
54| Stillwater, Payne............. 1935 
55 West hgunes.c cosy aaniiit t 1940 
56| Yale-Quay, Payne............ 1914 
57| Miscellaneous, Payne.......... 
58 Aggregate for district of 
pools marked z or y..... 
59 Total Central Oklahoma... 


Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
During Number of 
1941 End of 1941 Wells 
‘ To End of During her be 
ok 1941 i941 |BS | Be LBTES] » |e 
Ss| & \s/A\-3 (8 | wl s 
Beg a ge ae! 3. so] Ge e Pa 
ge| = |s|84| 25 [2S| 2 | £5 
OF OS) Hele] iS ies eee eed 
{ 
40 7,566 4,380 4 4 4 
1,255 11,918,533 260,610 45 45 
2,335 11,968,308 161,330] 222 117 117 
30 15,527 15,527 6 6 6 6 
50 58,613 53,290 5 1 5 5 
160 386,450 23,360 10 10 
265 1,313,646 62,050 14 9 9 

40 36,079 11,680 1 1 | 
470 1,875,361 199,655 27 8 12 12 
275 229,782 13,870 8 8 

20 7,597 5,475 1 1 1 
160 454,526 59,495 5 5 

60 162,167 56,575 1 4 4 

1,830 3,075,651 397,485 1 141 141 
630 1,770,486 29,565 13 13 
200 662,546 80,300 10 6 6 
590 8,908,922 147,460 69 25 25 
480 1,368,036 68,620 20 20 
220 1,061,548 109,865 15 1 12 12 

80 155,250 14,600 4 4 

170 889,532 19,518 5 5 
4,255} 40,152,210 161,695 242 242 
y 0 Abandoned 

1,665 y 25,550 45 45 

1,375 3,972,962 80,665 77 77 

5,565 2,502,269 144,540 224 224 

4,300 13,389,515 257,325 192 192 

1,990 2,962,717 176,295 92 92 
290 y 7,665 5 5 

40 8,731 8,731 2 2 1 1 

205 2,555 2 2 
160 200,556 7,665 4 4 
980 890,926 19,710 14 14 

2,010 3,166,402 73,730 75 75 
530 7,488,767 101,105 17 17 
280 y 13,140 7 a 
170 x 31,390 6 6 

60 34,422 4,061 Abandoned during 1941 

988 2,520,187 1,458,905 35 2 35 35 
1,135 2,476,335 33 33 
1,110 6,106,454 34 34 
1,410 y 18 18 
155 y 7 i 
670| 2,334,625 3 3 
10 10,381 10,381 2 2 
185 2 0 2 2 
785 y 49,275 14 14 
390 y 85,775 23 23 
210 973,313 32,120 1 1 

40 55,934 55,934 2 2 
570 4,928,845 1,528,985 42 y y 
375 520 5 5 
165 2,212,899 25,550 2 2 
130 518,746 10,950 3 3 

40 117,931 64,605 2 2 

4,095} 22,108,072 552,245 165 165 
160 y 7,669 4 4 
5,315,272 
45,858! 170,769,597} 7,134,931 1,853 


¢ Footnotes to column heads and explanation of symbols are given on page 250. 
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Character 
; Producing Formatior Deepest Zone Tested 
of Oil SOU RaNOn to End of 1941 
~} 
8 
5 Depth, 
& Gravity Avg. Ft. 
g| = | “Gone N a 
Q| 8 PF ame Weed 4/8 
=| 5 | Weighted : eee alee Saleen = eee 4 
Z| 2 | Average S BP © 4. \sm| 5 Sm 
2} 6 £ | 2) 82 | ssi wl 8 ag 
5| 3 A 5 | SS (Sah |SS| = aS 
ay A e) a |e a lz) es an 
il 44 Prue Pen 
2 38 Various Pen, Ord 8,L | Por | 3,250) 5,020 A 
: a oe S | Por| 2,600/3,580) 50] ML 
e en : 
5 4s Prue i Aaa 3,535] 3,548} 13 
evelan Pen § Por 
if . i ees or 8 Por : 5,100 y ee 
e en 
9 21 Wilcox Ord iS) Por 4,190) 4,275 i 
10 46 | Wilcox Ord 8 | Por ee hea ee ae 
11 35 Lower Skinner Pen 
12 23 2nd Wilcox Ord 
13 43 Hunton Sil 
14 46 Prue Pen iS) 
15 41 Various Sve Sil, Ord |} 5,L 
‘am 
A sg aaa be — 5 4,500) 4,600) y 
arious en, 4,240| 4,290] 50 Wil 
18 40 Wilcox S ‘ ee epee 
19 40 Hunton, Viola Sil-Dev, Ord 
20 35 Hunton, Viola Sil-Dev, Ord 
21 40 Prue, Wilcox Pen, Ord S 
Be 36 Various Pen, Ord,Cam} §5,L | Por 1,300} 2,400 
24 38 Various Pen, Ord 
25 37 Various Pen, Mis, Ord | 5,L y y y 
26 37 Various Pen, Mis, Ord | S,L 1,100] 1,970 
27 37 Various Pen, Ord,Cam]} §, L 1,185} 3,000 
28 37 Various Pen 2,400} 3,200 
29 39 Various Pen, Mis, Ord | 8,L 
30 42 Misener Mis 3,363] 3,367| 4 
31 39 Various Pen, Ord 
32 40 Bartlesville, Burgess, Skinner | Pen S 
33 38 Various Pen, Ord 
34 38 Various Pen, Ord yi oy 
35 41 Various Pen, Mis, Ord | S,L | Por 
36 37 Bartlesville, Wilcox Pen, Sy} 
37 43 Bartlesville, Viola, Wilcox | Pen, Ord §,L 
38 36 
39 46 Hunton, Wilcox Sil, Ord §,L y y yyy 
40 38 Various Pen, Mis, Ord | 5,L 
41 39 Various Pen, Mis, Ord | 5,L 3,115) 3,760 
42 38 Various Pen, Ord 
43 43 Wilcox Orde 5 
44 43 Various Fen, Mis, Sil- 
ev, 
x 4,065] 4,076) 11 
45 38 _| 1st and 2nd Wilcox Ord aca eetale 
46 38 Various Pen, Ord 
47 38 Bartlesville, Wilcox Pen, Ord iS) 
48 38 Bartlesville, Wilcox Pen, Ord Sy) 
49 41 Misener Mis i) 
50 42 Misener Mis 8 4,720) 4,747} 27 
51 43 1st Wilcox Ord § 4,768] 4,795| 27 
52 43 Various Pen, Ord §,L 
53 43 Wilcox Ord 5 Por y yl Yl y 
54 40 | Wilcox Ord § | Por] 4,300/4,306] 6] A 
55 40 Hunton : : Sil 
56 38 Oswego, Bartlesville, Wilcox | Pen, Ord §,L 2,670] 3,580 
57 39 1st and 2nd Wilcox 
58 
59 
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TaBLE 1.—(Continued) 
ee ee 
Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
F Year of Duri Number of 
Field, County Tuacvery tate End of 1941 Wells 
5 ; To End of During | 23 >be 
< os 1941 it |=] y SEsl ~ |e < 
Z 23/2 les 2 |g.| 2/2 
2 ae| € |sles| Sz [Ba] E | Se 
3 88| 8 2\&4| £5 |£° 2 | BA 
East CenrraL OKLAHOMA 
60| Hoffman, McIntosh..........- 1917 300 z 2,190 4 4 
61] Miscellaneous, Mc/ntosh....... 10 42 42 1 1 
62| Beland, Muskogee..........--- 1906 390 x 8,030 15 15 
63] Boyle, Muskogee.......-..++-- 1927 230 y 16,060 15 15 
64| Boynton, Muskogee........-.- 1914 2,740 a 14,600 40 40 
65] Butler, Muskogee.......-.--.- 1918 1,500 z 29,565 64 64 
66| Cole, Muskogee.......--+-.++- 1914 780 z 6,935 17 17 
67| Council Hill, Muskogee.......- 1919 335 x 39,055 30 30 
68] Haskell, Muskogee.....-....-- 1909 1,750 z 33,580 78 78 
69] Jolly-Patton, Muskogee........ 1920 260 vy 20 20 
70| Link, Muskogee...........+... 1909 715 x 58,035 34 34 
71| Muskogee, Muskogee........-. 1904 3,760 = 70,445 124 124 
72 North, Muskogee......... 1906 290 x 0 24 24 
73| Robinson, Muskogee.......... 1915 280 z 0 2 2 
74| Sheppard, Muskogee........... 1917 140 z 2,920 1 1 
75| Sommerville, Muskogee........ 1926 y 0 Abandoned 
76| Transcontinental, Muskogee. ... 1918 215 x 2,920 8 8 
77| Yahola, Muskogee............ 1914 680 z 5,475 19 19 
78] Miscellaneous, Muskogee....... 820 z 7,665 17 17 
79| Baltimore, North, Okfuskee.... 1922 525 y 3,285 3 
80] Bearden, Okfuskee............ 1924 y Abandoned 
81] Beidleman, Okfuskee.......... 1930 100 264,606 8,760 6 
82] Blakley, Okfuskee............. 1924 110 843,046 11,315 3 3 
88| Cary, Okfuskes. 25200. 2ccuges 1923 485 1,105,322 31,390 11 il 
84] Clearview, Okfuskee........... 1927 240 y 27,010 10 10 
85] Cowan, Okfuskee............- 1940 50 18,161 6,205 2 2 
86] Deaner, Okfuskee............- 1920 1,460 y 98,550 88 88 
87| Fields, Okfuskee.......-....-. 1918 460 x 12,410 12 12 
88] Gregory, Okfuskee............ 1922 160 y 26,280 13 13 
89] Gypsy Hill, Okfuskee......... 1910 1,603 r 24,455 21 21 
90| Haydenville, Okfuskee......... 1939 240 72,936 21,900 4 4 
91| Josey, Okfuskee........ 1923 525 y 63,510 24 24 
92| Keaton, Okfuskee............. 1919 210 z 2 2 
93] Lyons-Quinn, Okfuskee........ 1921 | 1,645 y 52,195 23 23 
94] Mason, Okfuskee........ 1940 40 8,329 4,745 2 2 2 
95| Micawber, Okfuskee........... 1923 160 y 5,110 1 1 
96| Morgan, Okfuskee SOR Roe 1923 340 y 2,920 1 1 
97| Okemah, Okfuskee............ 1921 820 y 114,610 4 55 55 
98 Rast, Okfuskee........... 1940 60 181,558 128,115 10 4 10 10 
99 North, Okfuskee.......... 1941 30 28,147 28,147 3 2 3 3 
100 West, Okfuskee........... 1941 60 39,125 39,125 5 2 5 5 
101] Okfuskee, Okfuskee............ 1938 60 118,494 17,155 5 5 
102] Paden, Okfuskee.............. 1914 80 x 7,665 3 3 
103] Sheldon, Okfuskee............. 1916 900 z 43,435 18 18 
104] Weleetka, Okfuskee........... 1913 | 1,815 z| 239/805 4 75 75 
105| South, Okfuskee...........| 1987 30 57,450 21555 3 3 
106| West, Okfuskee........... 1926 140 693,111] 221.920 5 15 15 
107} Miscellaneous, Okfuskee....... 190 r 12,775 2 2 
108] Aztec, Okmulgee............4 1917 2,140 z 28,105 70 70 
109| Bald Hill, Okmulgee........... 1908 | 25,095 z| 421/940 816 816 
110| Beets-Rapp, Okmulgee......... 1920 y Abandoned 
111| Beggs, North, Okmulgee....... 1909 1,840 z 23,725 35 35 
112] Beggs, South, Okmulgee....... 1911 4,455 x 74,460 54 54 
113] Brinton, Okmulgee............ 1914 545 x 14,235 17 17 
114| Coalton, Okmulgee............ 1907 2,040 x 24,820 79 79 
115] Edna, East, Okmulgee......... 1919 150 x 2,190 2 2 
116] Eram, Okmulgee.............. 1921 600 y 4,745 15 15 
117| Hamilton Switch, Okmulgee... . 1909 2,570 x 33,580 78 78 
118] Hector, Okmulgee............. 1914 645 x 1,825 10 10 
119] Henryetta, Okmulgee.......... 1910 785 x 10,950 47 47 
120| Montezuma, Okmulgee........ 1918 220 x 6,205 
121] Morris, Okmulgee:............ 1907 7,300 x 1357780 266 on6 
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Character 3 
r P. i ate Deepest Zone Tested 
of Oil roducing Formation to End of 1941 
a~] 
8 
3 Depth, 
& Gravity Avg. Ft. 
2s eee at —|¢ 
<| 8 ny ame Agee : 42 |8 
B| 5 | Weighted ; a lbeete 218 ae ‘n 
Z| @ | Average ae 2 ° 4. am) 5 OR 
‘| 5 e | 2 | se [Sze as 
v & i=} eH ie 
Al é | 2 | &s |B b-| 8 ae 
es 35 Wilcox Ord s 
5 
62 35 Ist and 2nd Dutcher Pen $ 
63 38 Dutcher Pen s 
64 BD Mississippian Mis lf 
65 32 Unidentified sand 
“66 35 Unidentified sand 
67 38 Various Pen 
68 34 Tucker Pen 
69 33 Muskogee, Timber-Ridge 
70 36 Booch, Dutcher Pen 
71 38 Unidentified sand, Wilcox Ord S 1,052] 1,790 
72 35 Wilcox Ord S 
73 39 Muskogee 
74 39 Unidentified sand 
75 
76 39 Booch Pen S 
77 39 Booch, Boynton Pen 
78 38 Leidecher, Dutcher, Wilcox | Pen, Ord 
a 38 Dutcher, Ist and 2nd Wilcox | Pen, Ord 
81 38 Wilcox Ord SS) 
82 39 Unidentified sand 
83 32 Various Pen 
84 38 Wilcox Ord § 
85 42 Hunton Sil-Dev 
86 38 Deaner, Lyons, Wilcox Pen, Ord § 2,800] 3,650 
87 43 Deaner, Wilcox Pen, Ord s 
88 39 Various Pen, Ord 
89 33 Youngstown, Dutcher, Wilcox] Pen, Ord § 2,430) 3,290 
90 31 Dutcher, Wilcox Pen, Ord 8 ; 
91 40 Wilcox Ord 8 3,600 |3,650} 50) D | Wilcox 3,700 
92 39 Dutcher, Quin Pen 
93 39 Lyons Pen 
94 39 Hunton Sil-Dev 
95 36 Wheeler, Dutcher Pen 
96 37 Dutcher Pen 
97 30 Gilcrease, Cromwell Pen 
98 37 Lower Cromwell Pen 
99 35 Gilcrease Pen 
100 Dist Hunton Sil-Dev 3,916) 3,960} 44 
101 39 Dutcher, Wilcox Pen, Ord 
102 36 Prue Pen 5 
103 42 Wilcox Ord 
104 39 Gilerease Pen § 2,530) 2,660) 130 \ 
105 39 L. Gilcrease Pen S) 
106 41 0c Pen 5 
107 36 Various _ Pen, Ord 
108 38 Booch, Wilcox Pen, Ord § 
109 30 Glenn Pen 8 750| 2,250 
110 
111 38 Youngstown, Wilcox Pen, Ord 
112 37 Various Pen, Mis, Ord 
113 37 Wilcox S 
114 30 Booch, Wilcox Pen, Ord 8 1,300] 2,835 
115 30 Unidentified sand 
116 40 Wilcox : Ss 
117 29 Glenn, Dutcher, Wilcox Pen, Ord S 1,385] 2,700 
118 37 Various Pen, Mis, Ord | $,L 
119 38 Various en, §il-Dev,| S,L 
Be yar Ord, Cam 
120, 38 Unidentified san 
121 36 arious Pen, Mis, Ord | S,L 1,600 |2,450 
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TABLE 1.—(Continued) 
Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
as ' Year of i 
Field, County Descoresy rt End of 1941 So of 
Bs . To End of During | 2S >a 
a He 1941 1941 | BS] ye [SHEE] w | wo 
=| Sue 54 S1fq) 2 BSI w | 3 
Z | oS Poles Se| 4/3 
Oo a2 |s/28] Be =e | Se 
3 ge| § [sla 5 [Es| 2 | £8 
4 os) 8 [ele4| Eo JES] & | SA 
122] Natura District, Okmulgee... . . 1914 1,750 z 16,425 17 17 
123} Nuyaka, South, Okmulgee...... 1937 105 470,358 46,355 6 6 
124] Nuyaka, Southwest, Okmulgee. . 1941 40 14,735 9,125 2 2 2 2 
125] Oklahoma Central, Okmulgee... 1921 545 y 14,600 9 9 
126| Okmulgee, Okmulgee.......... 1906 5,020 z 60,590 151 151 
127] Phillipsville, Okmulgee......... 1920 580 y 9,855 8 8 
128] Pine, Okmulgee............... 1915 815 z 8,030 26 26 
129] Pollyanna, Okmulgee.......... 1921 3,975 y 132,130 223 223 @ 
130] Schulter, Okmulgee............ 1907 455 z 5,840 15 15 
131] Simmons-Black, Okmulgee... . . 1920 455 y 40,515 15 15 
132] Spencer, Okmulgee............ 1917 790 19,345 34 34 
133] Summers, Okmulgee........... 1914 290 z 3,650 14 14 
134| Tiger Flats, Okmulgee......... 1928 1,045 y 1,095 6 6 
135] Youngstown, Okmulgee........ 1915 2,235 z 35,770 47 47 @ 
136] Miscellaneous, Okmulgee. ... . 565 z 22,150 15 15 
187) Airport, Pulse cocci neaie- ote 1937 330 139,874 4,015 53 53 
198) Alsuma ge 2 2lsa eect ere cies 1916 850 z 4,015 8 8 § 
139] Bird Creek, Tulsa............ 1906 | 17,910 z 486,545 1,784 1,784 @ 
(40) Bixby» Pulsed soesc cement a= oe 1916 1,860 z 57,305 82 82 
141] Broken Arrow, Tulsa..........| 1901 3,665 z 2,850 74 74 ; 
142| Bruner Vern, Pulpit acer 1923 1,055 y 44,895 54 54 
143] Collinsville, Tulsa............ 1916 120 z 4,015 12 12 9 
144} Dawson, Tulsa............... 1906 765 z 12,410 49 49 
145i: Fisher, Pulbsas cic. sacs. see ce 1918 685 z 4,745 7 7@ 
146| Jenks, Tulsa................. 1901 6,885 = 89,425 348 348 
‘ 
LAT WEGONATA LUISG..c oe vee cele we 1916 1,000 z 23,360 32 32 @ 
4 
148|(Owasso; LUlea. sia. ise a « 1913 360 z 8,030 24 24 
149] Perryman, Tulsa............. 1924 345 y 1,095 11 11 
150} Red Fork, Tulsa.............. 1901 4,390 z 27,010 90 90 | 
151] Sand Springs, Tulsa ht 1916 625 z 33,945 49 49 
152|(Tolea, Qulsa. vers oe co2eaes 1901 910 r 730 7 79 
153] Turkey Mountain, Tulsa...... 1922 1,115 y 35,770 49 49 
154| Turley, Tulsa............-.-. 1914 | 3/715 x} —_-:117,895 438 438 
155| Wicey, Tulsa.........-....005 1915 | 2,200 2 60,590 116 ; 
156| Bilby, Wagoner.:............. 1918 160 z| 16,060 4 ve 
157| Corine, Wagoner.............. 1919 190 z 2,555 9 9 
158] Coweta, Wagoner............. 1914 720 x 13,140 46 46 : 
1 
159] George, Wagoner............. 1918 270 z 15,695 33 | 
160] Gillette, Wagoner............. 1924 65 z 1,825 9 e 1 ' 
161| Goble, Wagoner.............. 1916 325 2 8,760 20 20 
162] Johnson-Bailey, Wagoner...... 1920 80 y 182 3 3 r 
163] McCracken, Wagoner......... 1920 90 y 1,825 18 13% 
164] Oak Grove, Wagoner.......... 1920 145 v 1,095 2 2 
GBS Opie FE GOOMAT« sce) ccsin, ca, clotas ives 1919 80 z 9 9 
166] Oneta, Wagoner.............. 1916 695 t 32,485 61 61 
167] Seltzer, Wagoner.............. 1924 65 y 1,825 17 17 
168] Stone Bluff, Wagoner.. ....... 1915 1,065 z 136,145 177 177 
r | 
169] Striker, Wagoner.............. 1917 Lt 0 ndon 
170} Wagoner, Wagoner............ 1914 460 L 2,190 are “os 42 
171 South, Wagoner.......... 1939 80 6,858 2,920 3 2) y 
172| Webster, Wagoner............ 1917 60 2 4.015 11 11 
173] Wright, Wagoner............. 80 y 1,460 1 1 
174| Miscellaneous, Wagoner...... . 170 y 4,927 9 9 
175 Aggregate for district of 
pools marked z or y..... 304,830,813 
176] ‘Total East Central... ... 148,368] 308,887,965] 4,056,648 6,785 
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Character Y 
C Produti ‘ : Deepest Zone Tested 
of Oil roducing Formation tb Bad of 1941 
a] 
S 
Depth, 
& Gravity Ave. Ft. 
aes ee at = a 
2| S| 60°F., ame Woce 2\8 Se 
g = | Weighted 8 r a z 2 5 ae Name ? 
Ay <4 = fo} wy fa eae oo ey 
Z| 2 | Average S 2 Ns g_. |am| 3 OPH 
o| & g 2/82 | ssi ul ag 
2] 3 a 5 | S83 18h (Se! & aI 
al Oh eden beg te re am 
122 30 Various Pen, Mis, Ord 
123 42 Wilcox Ord § 
124 38 Misener Mis 3,168] 3,176] 8 
125 32 Wilcox Ord s 
126 30 Various Pen, Mis, Ord 8 1,240) 2,750 
127 45 Wilcox Ord i) 
128 35 Booch, Dutcher Pen S 
129 34 Various Pen, Ord,Cam | 8, L 1,365} 2,285 
130 36 Deaner, Glenn, Wilcox Pen, Ord 
131 36 Salt, Booch Pen 
132 33 Various Pen, Mis, Ord, 
Cam 
133 38 Dutcher Pen 5 
134 37 Various Pen, Ord 
135 31 Youngstown en 8 
136 40 Booch, Dutcher, Wilcox Pen, Ord 8 
137 38 Bartlesville Pen 8 
138 35 Burgess Pen 8 
139 31 Bartlesville, Wilcox Pen, Ord 8 1,110 | 1,845 
140 32 Various Pen, Ord §,L 
141 37 Various Een, Mis, Ord,} S,L 1,350 | 1,500 
‘am 
142 37 Various Pen, Ord, Cam 
143 33 Various Pen, Mis §,L 
144 36 Bartlesville, Tucker Pen 8 
145 34 Oswego, Tyner, Arbuckle Pen, Ord, Cam 
146 36 Various Pen, Mis §,L 
Ord, Cam 
147 35 Various Pen, Mis, Ord,} S, L 
Cam 
148 30 Various Pen, Ord, Cam 
149 bl Unidentified sand : 
150 34 Various Pen, Ord, Cam 599} 2,160 
151 37 Various Pen, Ord, Cam 
152 34 Various Pen, Mis, Ord 
153 35 Various Pen, Ord, Cam 
154 32 Bartlesville, Burgess, Pen, Ord,Cam| §, L 1,260} 1,945 
Siliceous 
155 37 Various Pen, Mis, Ord | 8,L 1,480}1,950 
156 35 Dutcher, Burgess Pen 
157 39 Unidentified sand 
158 38 Various yo Mis, Ord,| 8,L 700} 1,280 
am 
159 36 Dutcher Pen § 
160 38 Tyner Ord 
161 37 Dutcher Pen iS) 
1h2 33 ppt sand a 
163 43 'yner r 
164 33 Pitkin, Burgen Pen, Ord 
165 36 Dutcher, Tyner, Burgen Pen, Ord 
166 38 Dutcher, Mississippi, Tyner | Pen, Mis, Ord | 5S, L 1,000} 1,200 
167 37 Dutcher Denis 5 
168 36 Various oe Mis, Ord, 1,840] 2,275 
‘am 
169 Dutcher, Morrow-Pitkin Pen, Mis 
170 35 Peru, Ordivician Pen, Ord 
171 36 Pennsylvanian 
172 33 Burgen Ord 
173 . 39 Pitkin : Pen L 
174 32 Unidentified sand and lime 
175 
176 
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Area ion 
Proved ,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres ; End of 
1941 
age Val t 
Field, County oP Sele Te End of 1941 i of 
8 F To End of During | 2S >be 
5 Oi 1941 141 |S] ye [EEE] we |e 
g os 2 6 £A FA 2 wo | ‘Ss . 
* fz| 2 lElES| sz [23] @ | Se 
2 s Ba mz 6 | €% 
3 58/5 Ble@|£° FO) 2 | es 
East CeNnTRAL 
(CreeK County) 
A77PAINOLs <n ctevermere semate Sate etree 1923 210 y 52,925 2 17 17 
178 West sevndisine wate 1940 52 61,981 45,990 8 7 5 5g 
A701 WigsPonds nec. eae oe 1924 470 y| —- 121,910 34 34 
180) Bowden soectiege soe a create 1906 3,495 z 129,210 224 224 
TSU Bristow soars carriers ala teiaterey 1916 5,255 z 319,010 137 137 
182] Bristow, North............... 1922 | 1,700 y| 180,670 99 99 
183] Bristow, West................ 1922 565 y 39,055 18 18 
ASAT BCG tates tele retegatoinde seis a orci si 1926 515, y 41,245 42 42 
185 BAB ties catia see 1939 100 y 10,220 9 9 ; 
BSG) Cashing na ne. ciiaetee wana 1912 24,940) 359,359,577| 3,245,215) 3,668 1,781 1,781 
187| Deep Fork.................-- 1920 | 3.345 y| 1124/4 132 1B. 
188|'Denewieakos te eens ane 1915 | 1/365 z| 330,690 2 82 82 
180| Donnelly. hee a seie Otek 1924 730 y| 101,835 36 36 
190) Hane eit iecce mere late Woes 1940 50 57,972 32,485 5 5 
191) Glenn POON s nca.)- seg. atelehtiavoman- 1905 15,970) 220,594,053 1,319,840 1,765 1,765 — 
192} Independent................. 1908 1,320 x 49,275 38 38 
£63) Tron Posts se aeateicteny ane 1917 925 = 30,295 56 56 
LOdN Kellyville ie eee oe ee. 1934 | 3,600 y| 165,345 221 221 
195| Mannford (deep and shallow) ..| 1922-37 4,650 y 359,525 253 253 
BOG! WerOeE cc cvie.s ogni sta eae ee 1923 80 283,762 8,395 3 3a 
DOT} Mounds std aes a svennoe dae 1915 1,580 x 45,625 51 51 
J 
Jos Rawhy seers. ke a 1929 80 y 5,475 6 6° 
1901 Oleati devastate « vote dre estan 1921 340 y 26,645 18 18 j 
200} OMG seas tecersisie aw piv civ ss stele 1914 2,235 x 149,285, 202 202 
B01| OliverSouth.. [eric seks ceete 1940 20 1,446 mani aa 1 re 
202| Pickett-Prairie............... 1916 | 1,820 x 13,505 56 56 
203] Poor Farm...... ear 1920 340 y 18,980 13 3% | 
204) Red Bank sie. cts cges kta an 1918 370 z 23,725 8 8 
205| Sapulpa.................-.-. 1909 | 1,790 x 72,635 110 110 
206 Roath atten act ek ee 1910 2,570 x 102,930 80 80 
BOT Sub tonnctest oOo ter sincoe atta 1913 6,585 r 407,705 170 170 
208] Stroud, East................. 1940 50 507,373 489,830) 45) 44 45 45 
QOD TID SONAY 5:3 As cinaiiie,owevecariade 1924 430 y 23,360 38 "385 
210 INOFUN SF octs avin, & coud aera 1940 40 40,825 34,675 4 4 4 
Si iMitmerad a. ie alse eine 1924 310 y 6,205 9 on! 
212 AR en ceksnaiMie Nites teat 1925 540 982,204 160,600 30 30 
QIAN Walkeby iv ctecsencwtr acne eek oe 1923 390 y 48,545 24 24 
PUR WRU ncie stint nadie enter naaing 1939 40 93,987 27,010 8 se 
DIG! WilWORteasceede ce wee ail 1919 1,375 x 165,345 58 58 
216] Miscellaneous..............., 350 y 42,533 16 16 
217 Aggregate for district of 4 
pools marked z or y..... 192,807,683 
218 Total East Central (Creek : 
County) cimes ceva tees 90,592) 774,790,863) 8,522,943 5,904 , 
NorTHeasteRN OKLAHOMA , 
219] Craig, Nowata, Rogers, and 7 
Washington Counties... .... 104,670} 353,953,830} 6,265,225 15,255 15,255 
Norraern OKLAHOMA 
220) Barnes, Garfield.............. 1918 185 x 10,950 10 10 
221) Brown, Garfield............... 1930 85 424,109 16,790 4]. 40 
222 Enid, Gar, GUL Stein cen cee 1940 20 37,524 26,645 2 1 2 23 
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a a RS See eT 


h: 
” ore Producing Formation vee tin 
i] 
Ss 
rs Depth, 
= Gravity Avg. Ft. 
Ble | Ge N rat 
a=] oF. ame Agee 
g Weighted ; & 2 | 3 = Be as|\@ Ko es 
z Average 3 le gq. am] 3 J) 
aie 3 Z| Se |ssey] 8 4s. 
Fills BI z | aS |SElerl 5 ao 
4) 2 é | é | és |a*(e+| & ae 
177 36 Simpson Ord 
178 40 Prue, Red Fork, Bartlesville, |} Pen, Ord 
Wilcox 
179 32 Jones, Glenn, Dutcher, Pen, Ord NS} 
Wilcox 
“180 32 Taneha Pen 
181 35 Layton, Ft. Scott, Oswego, | Pen, Mis, Ord | 8, L 2,700] 3,200 
Red Fork, Bartlesville, 
Dutcher, Miss., Wilcox 
182 35 Layton, Ft. Scott, Oswego, | Pen, Mis, Ord | 8, L 
Red Fork, Bartlesville, 
Dutcher, Miss., Wilcox 
183 35 Dutcher Pen 3,152) 3,155 
184 35 Layton, Ft. Scott, Oswego, |} Pen, Mis, Ord 
R Fork, Bartlesville, 
Dutcher, Miss., Wilcox 
185 37 yton Pen 
186 39 Various Pen, Ord §,L | Por a| AF 
187 42 Layton, Peru, Prue, Dutcher | Pen 
188 32 Glenn, Dutcher, Wilcox Pen, Ord s 2,700)3 397 
189 37 Dutcher, 1st Wilcox Pen, Ord 
190 35 Wilcox . 
191) RP 34 Various Pen, Ord 
192 35 Taneha, Wilcox Pen, Ord S 2,100)/2,550 
193 36 Wheeler, Prue, Cleveland Pen 8 2,420] 2,475 
194 30 Peru Pen iS) 
195 34 Various Pen, Ord 8,L 1,550] 2,980 
196 41 Dutcher, Wilcox Pen, Ord 5 : 
197 33 Red Fork, Glenn, Tucker,| Pen, Ord § 400} 2,400 
Dutcher, Wilcox i 
198 34 Dutcher Pen ‘) 
199 40 Layton, Peru, Wheeler, Pen Ny) 
Skinner, Bartlesville 
200 36 Various Pen NS) 
201 38 Prue Pen 
202 35 Glenn, Taneha, Wilcox Pen, Ord 
203 34 Various Pen 
204 36 Various Pen, Ord 
205 34 Various Pen, Mis, Ord | 8, L 1,000} 2,290 
206 36 Taneha, Dutcher, Wilcox Pen, Ord : 
207 32 Various Pen, Mis, Ord 2,340) 3,088 Wilcox 3,140 
208 41 2nd Wilcox Pen, Ord 
209 34 Various 
210 39 Wilcox Ord 
211 38 Various Pen, Ord 
212 39 Various Pen, Mis, Ord 
213 35 arious Pen, Mis, Ord | 8, L 
214 37 Bartlesville Pen 5 
215 35 Various , ; Pen, Ord 
216 39 Prue, Bartlesville, Wilcox Pen, Ord iS} 
217 
218) 
219 
36 
220 39. | Tonkawa, Layton Pen ‘ 
221 39 Wilcox, — Ord 5 
222| | _40__| Mississippian Mig 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN IQ4I1 


Oil-produc: 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
i Year of Durin; Number 01 
Field, County Diasec Ao End of 1941 Wells 
5 ; ToEnd of | During | 23 >A 
4 J 1941 4 |S] By EEE we |e Ms 
3 Se] SB |Sl5Al-s ‘B oo) 8 
Zz Beg a TS a3) So 1s mie ee 
3 gS & |g/84| 25 [Ea] 6 | £3 
3 'S) Oo fe[eF] RO || & | a 
223] Garber, ae SOO ae 1916 4,520} 55,146,884 635,830} 973 555 555 
224 North, Garfield... 5.0... 1927 90 12,410 7 ry 
225} Hillsdale, Garfield Rae MECCO DE 1938 70 86,705 6,935 pt 1 
226 Waukomis, Garfield. ... wae 1938 30 35,044 120 1 Abandoned 
227) Miscellaneous, Garfield. ; 1926 40 61,160 2,920 1 1 
228] Caldwell, Grant..............- 1929 80 266,483 5,475 2 2 
229] Deer Creek, Grant............ 1922 210 1,297,997 62,780 ll ll 
230) Lamont,’ Grants oo.) i. ete 1937 60 724,658 168,265 3 1 2 2 
231) Webby Grant... Secon ene 1926 120 212,552 9,855 4 4 
232] Blackwell, Kay............... 1918 1,750 5,152,119 155,125 41 41 
233] Braman, Kay). .%)....... 0.0% 1924 335 4,652,483 102,565 i 30 30 
234 North) Mayr. <scmece cea 1924 795 18 939, "249 268,275 52 52 
235 Southeast, Kay........... 1938 200 277,034 129,210 6 6 
236) Dilworth, Kay........2....05. 1917 2,355 5,269,434 150,380 6 76 76 
237) Hubbards Kays dence vai 1924 645 8,384,128 159,870 36 36 
288] Mervine, Kay................ 1913 960 z 12,775 2 2 
239] Newkirk, Kay................ 1919 250 x 25,550 6 6 
240] Ponca City, Kay............. 1917 1,445 6,412,239 98,185 40 40 
24ll Thomas, Kay )..0:<....<0r00 eens Ser to 275 7,190,698 78,475 13 13 
914 
242| Tonkawa, Kay ict faeces 3 sels ue 1921 3,695) 121,368,335 631,815} 929 189 189 
243 South, Kaye gan vont 1921 x Abandoned 
244] Vernon, Kay.......-..-00-005 1925 660 3,336,598 94,900 17 17 
245] Miscellaneous, Kay........... 120 z 7,400 5 5 
246] Crescent, Logan.........-.... 1933 955 13,470,628 582,905 54 34 34 
247) Guthrie, Logan............... 1941 220 778,446 778,446 28 28 28 28 
248) Troll | Goyans. ous wcissice = 2 = 1934 80 229,813 10,950 2 2 
249 Langston LOGGN acc Cote eee 1934 340 1,453,787 474,500 2 14 14 
250] South, Logan............. 1935 40 47,432 5,110 1 1 
251} Lovell, Logan ree ntere A tok 1928 220 2,656,537 39,785 9 9 
252 South, OGGNEs aacioatites tle 1934 120 284,324 172,645 7 7 7 
253 Wiest Logan avcteamdc notes, = 1936 95,176 0 2 Abandoned 
254| Marshall, Logan.............. 1927 740 11,777 035 48,910 22 22 
255 Meridian, Log: Bena Fea ean 1938 120 155, "262 11,315 7 3 3 
256| Navina, Logan 1941 20 134 134 1 1 1 1 
257 Seward, Logan. . 1936 40 74,408 10,950 1 1 
258 Billings: Deep, Noble. am 1935 1,060 11,271,607} 2,262,270 79 77 77 
259 Shallow, Noble........... 1917 590 6,195,746 12,775 7 7 
260) Lucien, Noble Se sy ere Re ats ad 1932 4,170| 28,423,453 2,033,780} 128 122 122 
261 North, Noble. . 1936 430 936,070 114,245 12 12 
262| Marathon, LNobla taki ceks tones 1935 80 138,341 2,098] Abandoned during 1941 
263] Otoe City; INOUE rst, oan Sea 1930 35 145,333 69,715 2 | 3 3 
264) Perry rN O08 oh oii os qea tw ce 1923 60 78,902 4,745 ed! 
265) FolopNoblerin: , dec eeacesa ay 1934 510 4,070,046 299,300 37 28 
266 Sams, Noble. . 1925 295 y 29,565 7 
267 ‘Aggregate “for district of 
pools marked z or y..... 5,532,510 
268 Total Northern Oklahoma. 29,120} 326,390,416] 9,837,643 
OKLAHOMA Crty ARBA 
269] Moore, Cleveland............. 1935 940 8,290,407 316,820} 40 32 
270] Noble, Cleveland.............. 1938 30 61,898 25,550 2 1 
271) Norman, Cleveland............ 1939 60 8,467 2,190 1 
272) Britton, ae iy) satya opel ae 1935 1,245 2,423,512 142,715 26 
273 South Oklahoma......... 1938 70 148,558 38,690 2 2 
274| Edmond, Oklahoma SIS Gy 10 OR as 1930 1,440 18,025 ‘917 1,213,260 83 
275| Jones, Okla HOI IS Oe 1939 60 82,589 42,705 3 
276) Newalla, South, Oklahoma... .. 1939 40 23/927 3,650 1 
277) Nicoma Park, Oklahoma........ 1929 80 346,248 8,030 2 2 
278 Oklahoma City, Oklahoma. ... . 1928 15,200} 556,142,275) 31,980 935 1,542 38 1,006 
279] Miscellaneous, Oklahoma..... . 40 25,146 25,146 ; > 
280 Total Oklahoma City Area. 19,205] 585,578,944 33,799,691 | 
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TABLE 1.—(Continued) 


parecer Producing Formation D Soca Done tet 
3s 
‘ 5 
3S Depth, 
& Gravity Avg. Ft 
Ble | Goan 1é 
| °F., Name Age® a3 Name * 
g A Weighted ge ce fs S e & “, ame pe: 
@ | Average s Bae B. a| 8 ir 
e a q Ss B AL oe od [E51 S 4a 
& 3| 3 A | 3 | 88 (Seis & BG 
al es Oya eS beatae |leses ean her an 
223 41 Various Per, Pen, Ord 8,L | Por 1,100} 4,200} y y y 
224 44 Various Pen, 
225 39 1st and 2nd Wilcox 8 y y y 
226 53 Marshall Zone 8 y 7,260] 7,280] 20 y y 
aes - Wilcox Ord 8 Por y y) 6) A ly y 
229 38 | Various Pen, Mis, Ord | 8,L 2,900] 4,175] _y 
230 40 Wilcox Ord NS) y 5,400) 5,410} 10 y y 
231 42 Various Pen, Mis, Ord 
232 40 Various en, Ord 8,L 1,600} 3,440 
> 233 40 Various Pen, Ord §,L 
’ 234 41 Various Pen, Ord 8,L 
235 40 Arbuckle, Wilcox Cam-Ord, Ord 5 y y Ui 4 y 7] 
y 236 40 Blackwell, Wilcox Pen, Ord y| A 
230) 37 Various Pen, Ord Por y y) y| AF ly u 
238 39 Various en 
239 40 Burbank, Mississippian Pen, Mis 
£ 240 38 Various Pen, Mis, Ord } §8,L 1,500} 3,900 A 
241 41 Various Per, Pen, Ord | S,L | Por y| & 
2 242 42 Various Pen, Mis, Ord F Por 2,660) 4,075) y| x 
243 Endicott, Tonkawa, Wilcox | Pen, Ord 
: 244 40 Various Pen, Mis, Ord | §8,L y| x 
245 39 Various __ ; 
246 41 Layton, Wilcox, 2nd Wilcox | Pen, Ord § 23 AF 
247 46 | Bartlesville, 2nd Wilcox —_| Pen, Ord { DR ee 
248 40 Layton, Tonkawa, Wilcox Pen, Ord 8 Por 4,800 : 
~ 249 39 ilcox rd § Por | 5,100} 5,145 A | Wilcox 5,190 
250 40 Upper Simpson d 
251 40 Tonkawa, Wilcox Pen, Ord 8 y y y 
252 49 Layton Pen 
253 40 2nd Wilcox ? Ord Sy} Por y yl y 
254 41 Tonkawa, Wilcox, L Simpson | Pen, Ord § y y yi 4 
255 48 Wilcox Ord S y 5,200] 5,220] 20 
4 256 37 ae Wileos, an ee + 6,220) 6,250 
257 38 impson dolomite 
258 41 Wilcox Ord NS) Por | 4,250 y| oy) A 
m 259 41 Various Pen §,L | Por 50} A 
260 42 Various Pen, Ord 8,L | Por y| 5,200] | y 
: 261 41 Wilcox Ord S Por y vy) oyl y 
a 262 42 Wilcox : Ord 8 Por y y 34 A 
= 268 39 Layton, Wilcox Pen, Ord iS) Por | 3,284} 3,314) 30] y 
264 41 Tonkawa, Reagan Pen, Ord 
= 265 41 Various Pen, Ord Ss y | 4,823/4,900} y] y 
| 266 42 Tonkawa Pen iS) 1,902} 1,912} 10 | 
e267 
268 
269 41 Dolomite, U. Simpson, 2nd | Ord 
; cox 
270 39 ae bia ite ee iS} , se es : 
271 38 pper Simpson y 
272 45 Simpson, 2nd Wilcox Ord §,D,L| Por AF 
273 35 | 2nd Wilcox _ Ord S 4 6,738} 6,766} 28 ar |arbuekle an 
315 35 re be S s | y | 4,796/ 4,808 12 2nd Wilcox | 5,998 
4 i Sil-Dev L 6,004| 6,095| 91} | 2nd Wilcox | 6,610 
abs 4 ee Por | 6,157/ 6.168| | 11| ML 
277 36 Trosper Pen or i 3 
a 6278 37 Various Pen, Ord S,L | Por 6,700} y 
y 279 
; 280 
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TABLE 1.—(Continued) 
Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres ee 
: Year of Duri Number of 
Field, County Siastiract? 19410 End of 1941 Wells 
5 Fi To End of During | 25 be 
4 - 1941 it | ZZ] ye SEB) we ly is 
2 e313 18/60 2 || ¥ie 
os 8/23] de El Se 
Be] & |slas| sx [38 $2 
4 88| 8 [2\é4| £5 |£| 2 | Ba 
Osace County 
281] Almedatac vcs csianoel. axe 1918 1,205 = 12,775 79 79 
283} Atlantions ca. hse ce cine 1924 1,330 y 306,965 90 90 
ASS | GATANGS che toevclere clerk aitte asters 1904 12,520 z 713,575 754 754 
284 West Se. sau sas fectntr es 1905 3,555 x 75,190 165 165 = 
285| Backits tee.’ oc cane neat 1919 z 8,760 34 34 @ 
286} Bandwheelsio% be icehoiaks 1921 630 y 42,340 39 39 7 
2587 | Barkers: Moss ascelethads arelees 1932 240 y 52,925 ll ll 
288| Barnsdall.................... 1916 | 3,620 z 75,555 205 205 
289] Barnsdall, South.............. 1921 1,125 y 30,660 
290] Barnsdall, West.............. 1922 1,665 y 205,860 111 lll 
291) Bartlesville 220.0) 23.0 5uc 2-0 te 1904 16,335 x 17,885 81 81 
202] Big Horsawccteneadcnrecionee 1927 335 y 4,745 23 23 @ 
293] Birch Creek......... 1920 830 y 8,760 47 yi 
904| Boston ws eens sn de cod anee ee 1904 770 z| 121,180 37 a7 § 
295 North wes hires oeechn ces 1921 240 y 14,965 ll ll i 
296) Bownng es vcticsaesaceuhaee « 1921 160 y 3,650 12 12 
297|: Branstetter........0.2...2500% 1928 420 y 26,645 25 25 ; 
208) Buall 8 Fetes or ees Eke mean 1922 100 v 13,505 9 9 
290 Bulldowiscscacwtetes mage cana arrelaa 1920 465 y 37,960 32 32 
300} Burbank (Osage and Kay)..... forces 24,665} 205,163,092) 3,274,050) 2,203 1,697 1,697 
301 BOUtNA e desis euinece s { Ext. 1934 4,465) 30,775,796] 2,753,925) 287 223 y y 
302| Candy Creek................. 1920 1,420 y 72,270 56 56 
303] Canyon Creek................ 1923 1 y 50,370 5 5 
304) Country Club...:............ 1923 515 y 25,185 30 30 @ 
Bb Dalton. conccusockwentecse 1926 205 y 3,285 3 3% 
SOG) Dewey a etaercviewt batbinoieeiole 1904 4,920 x 22,630 108 108 
B07} Domiea ie eteat rw een ox en atau, 1917 3,740 z 81,760 199 199 
$08} Edgewood. oi..ciccces-cpwsies oe 1921 285 7] 9,490 16 16 
309} Elgin, South................. 1917 1,985 x 18,980 120 120 
SLOW EnAaCo ery nc aust doe «tice 1921 290 1,043,947 11,680 5 5 
BLT MINE seis. acne uterine re 1925 220 y 29,930 16 16 OF 
BLO MAL a DONA sercihiclarce cs terete 1920 380 y 19,345 22 22 3 
GIG) PAH Rooke otcck'scace tetiene 1906 7,485 x 277,765 595 595 ' 
S14 Mogens 60 %:fck Sus abate ey 1919 320 z 6,935 5 sa 
SLO ROPRKOY toner albaritan senaivd wtete 1920 y 0 Abandoned 4 
316| Forty-five............sss.0, 1916 | 1,795 z| 31,390 re 108 
BL7) Branktort jijasivesine ho ceca 1920 v 0 Abandoned ; 
918) Gilliland Sivan stwaeite leek 1919 770 x 17,155 16 16 ; 
319| Happy Hollow............... 1919 540 2| 50,735 27 27 
820 | Hardy trac teat acces nso ce 1934 40 84,745 A 1 1 
$2) Hickory. Creek.a3 «csscarekn tates 1914 2,220 z 38,325 154 154 
322 DOUEH.  seiste siete anleniere a 1989 340 342,715 233,600 36) 36 
B25) HOMINY sen aea ne stnr kaso 1916 415 x 17,885 11 11 
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Charact . ‘ 
of Oil oO Producing Formation Bor ergs fe lee 
s 
eg = 
S Depth, 
& Gravity Avg. Ft. 
etc | API. at g 
S| 4 60°F., Name Agee ee =| S Name 
g 7 pragied 5 gfe iS 33 +, wit 
2| 8 verage 3 — files ee cae ia ag 
g| 8 3 2 aS |BEloe) 3 ars 
3] 6 |£ | e&8 (8H (S<| 5 an 
281 33 Bartlesville, Burgess, Pen, Mis 
Mississippian 
282 39 | Burgess, Siliceous Mis, Ord,Cam| §,L { aon epee bi 
283) RP 33 Bartlesville, Burgess Pen 8 { ath an 
284 32 | Bartlesville, Burgess Pen S oe 
‘ 285 34 Bartlesville, Mississippian Pen, Mis 8,L 
: 286 34 Various Pen, Mis 8,L 
= 287 36 Various Pen, Mis, Ord, 
Cam 
288 33 Peru, Bartlesville, Mississip- | Pen, Mis,Cam| S$, L 1,110 yoy 
: pian, Arbuckle 1,550) 1,725} 75 
289] - 33 Bartlesville, Burgess Pen 8 
290 34 Bartlesville Pen § 
= 201 33 Various _ Pen 650} 1,265 
; 292 35 Bartlesville, Mississippian Pen, Mis 8,L 
. 293 34 Bartlesville, Burgess, Missis- | Pen, Mis 8,L 
sippian ; 
pee 204 37 Various Pen, Mis, Ord,} 5,L 1,500 |2,620 
: ‘am 
295 36 Wilcox, Arbuckle Ord, Cam 
296 34 Layton, Peru, Oswego Pen, Mis §,L 
4 Mississippian 
a. 6297 40 Bartlesville, Burgess, Pen, Mis §,L 
; Mississippian 
z Fy 37 yatous ise “ a 
i 99 34 arious en, Mis f 
300] RP 38 Layton, Burbank, Wilcox Pen, Ord 5 2,700) 2,850} 60} ML] Granite 4,240 
301} PM 38 Burbank, Skinner Pen 8 2,850 
302 33 Bartlesville, Burgess Pen 8 
; 303 39 Bartlesville, Burgess Pen 8 
+304 33 Various Pen, Ord 
; 305 38 Bartlesville, Burgess Pen NS) 
306 33 Various Pen L,S at ea fe 
307 36 Stray, Bartlesville, Mississip- | Pen, Mis §,L 1,680 1,780 100 
F pian 1,880] 1,925} 45 
308 35 Bartlesville, Burgess, Pen, Mis §,L 
Zs Mississippian ; 
= 309 33 Ramsey, Pennsylvanian, Pen 
J ego mente sy Oe , 
= 310 36 Stray, Oswego, Mississippian | Pen, Mis §,L 
311 38 Oswego, Burbank, Wilcox Pen, S  |20-25 y| ML 
_ 312 36 Oswego, Bartlesville, Burgess | Pen icles 66 <5 Leey 
 313|RP| 34 —_| Bartlesville, Burgess Pen s detour ueriiess ileos 
314 35 Bartlesville, Mississippian Pen, Mis 
- 315 
316 34 Oswego, Skinner, Bartlesville | Pen _ 
317 Pennsylvanian, Oswego, Pen, Mis 5,L 
31 Mississippian < 
© 318 36 Various Pen, Mis, Ord,} 8, L 
j Cam 
319 36 Oswego, Bartlesville, Burgess | Pen 
320 39 yton ; Pen 8 
. 321 35 Oswego, Bartlesville, Pen, Mis §,L 
E ie eaeipion 
322 36 ayside 
i 323 34 Warns oe Mis, Ord,| S,L 2,625] 2,685] 50) A | Arbuckle 3,206 
: ‘an 
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TABLE 1.—(Continued) 


ee Se Se ee!” 


ies 
Area ion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
Field, County sires End of 1941 Bie of 
8 : To End of During | 23 SS 
2 wee 1941 - it |eS| ye SEE 2 |e 
E Bs| 2 \s\88/2 [2 | 2/3 
Bong a a =] rahe 3 y ee 
2 E2| 2 \z\84| £4 lee| 2 | £3 
5 5 Oo fale?] 2° [GU] & 
324] Hominy, East..............- 1918 630 z 20,440 pat 
325] Hominy, South............... 1940 30 9,420 6,935 3 
326| Hominy Falls................ 1919 1,385 z 32,120 52 
SOT Meawighk Ode setaterre eleanor 1921 140 y 9,490 17 
BOS Kiawie Ooi enters serocie sinters siete 1922 180 199,104 44,165 7 
3201 TiandOnars. asl astiOee eases wee 1919 145 z 2,920: 9 
S30 Loe Domes Yor. oc. cin laacs ile wis also 1926 80 7] 6,935 5 
39 liMadalendaceasseeecatenecenee 37 
332 ashe shacaceesonte Mate: 35 
S33 | Manion semen eee tee ater 36 
334 NOFED Gh foes. Cotas ioe 1920 910 y 64,240 59 
336i Myersrce semis cists pecans ss when 1919 260 x 3,650 5 
336| Naval Reserve.............-. 1933 3,290 17,011,438 1,091,350 233 
BOT NelawOne ys, 2% a.c.e5)s'e.0 0 cle scecaie.s 1919 z 0 
338] New England................ 1920 585 y 36,865 27 
339] Ochelata, North.............. 87 
340| Ohio-Osage.............---++ 24 
341) Olean Mod teens saree saeco 19 
40] OsareiOity aeceasseee cere tes 229 
343 Battech occmiasit vos weacek 61 
344] Osage-Hominy............... 138 
SAT PRCA as ctove un tie slents olesie siento 32 
GAG MPAWUBKR. is sicisarcssisctaias ssesere 19 
347 Went > Sat stonn auch re ae 6 
S48] Peare00iisve vei sas tacstncieceicis 20 
040} Pent ‘Creek; fi\sc5sjvaataceisiees 1922 160 7] 11,315 2 
850) Pershing sc...s.<0c 00s cesoet sia 1918 5,595 z 114,975 281 
ODL Petite nem sen oie 1923 285 v 27,375 18 
BHA) Pionecrse ve vasic tess cewesee a 1920 300 y 20,075 21 
358] Pond Creek........2.0+0+0+0s 1913 1,295 x 18,250 56 
BDA| PHUG Src s,s os wh aie outa be eae 1926 475 y 6,570 12 
BOB QanAaws. nc Saccices sotonekre cele 1914 3,645 x 60,590 203 
SHG} Mansons... cis c.cs ial sare a ccevie 1911 1,755 x 76,650 81 
Bir iSkighOOks sont ae.cleirehevak sleate es 27 
AL CHIR IC. de GB RSF CeG Fane S TORT aa 10 
859] Tidal-Osage.................- 106 106 
860] Turkey Creek..............-. Abandoned 
361 AE Eiadaaon Anconae: Abandoned during 1941 
BOA WIHtOtAlL, ca atrracurs werete cutters 9 9 
B08) WHGHOTEA insces vices seu mmee sine 
364 INGrth 2 py sscniewse facieetamete oO 
365 Both Sees cates baa hee 11 
366 Weestintins = situiteiticcsrteins 3 
867), WOl@r00 0 te.00 0s cneneens. 158 
368 OMA. sexes eee 157 
369} Miscellaneous 102 
370 Aggregate for district of 
pools marked or y..... 322,031,068 
371 Total Osage County...... 153,555) 577,582,997] 12,172,198 
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Character 
3 Producing Formation Deepest Zone Tested 
of Oil gas to End of 1941 
s 
g 
2 Depth, 
=| Gravity Avg. Ft. 
he. AYA at é f 
Si 8 60°F., ame Agee a |e 
§| § | Weighted 8 > 4 2 2 Be aie Name 7 
2 % | Average 3 2 £ 4_. |: E CR 
2| 8 Pie ch neue ci aelce €3 
al a A |e | eS [sa |84| & an 
324 34 Bartlesville, Mississippian, | Pen, Mis, Ord, § 2,160] 2,21 
Hominy, Arbuckle Cam oe ag palette — 
325 40 Oswego Pen 
326 36 Various Pen, Mis §,L 
327 40 Burbank Pen 5 
328 35 Prue, Skinner Pen 
329 35 Peru, Oswego, Bartlesville Pen 
“330 36 Oswego, Bartlesville, Burgess | Pen 
331 35 Prue, Oswego, Bartlesville | Pen 
332 35 Bartlesville Pen s 
333 38 Layton, Oswego, Bartlesville, | Pen 
Burgess 
334 38 Bartlesville, Wilcox Pen, Ord § 
335 34 Layton, Burgess Pen 
336 39 Burbank Pen s) yl y 
337 
338 34 Bartlesville, Burgess, Pen, Ord, Cam 
Arbuckle 
339 34 Prue, Bartlesville Pen 8 
340 37 Cleveland, Bartlesville Pen 8 
341 34 Prue, Bartlesville, Mississip- | Pen, Mis §,L 
pian 
342 37 Burbank, Burgess, Arbuckle | Pen,Ord,Cam| §8,L 
- 1,620] 1,645] 25 Mississippian | 2,431 
343 37 Cleveland, Bartlesville ; Pen ) 2'950| 2°280| 30 PP! 
344 37 Layton, Oswego, Bartlesville, | Pen §,L y y| oy 
Burgess 
345 33 Various | Pen, Ord,Cam} §,L 
346 35 Bartlesville, Burgess, Burgen,| Ord 
Arbuckle 
347 36 Bartlesville, Burgess, Burgen,| Pen, Ord,Cam| S,L 
Arbuckle | 
348 36 Layton, Oswego, Burgess,| Pen, Mis §,L 
Mississippian P 
349 35 Bartlesville, Mississippian Pen, Mis §,L 
: 1,385] 1,400} 15] D 
350 35 Cleveland, Bartlesville Pen 8 2'033| 2/063} 30 
351 36 Various Pen, Ord,Cam| 5, L y y| 45) A | 2nd Wilcox 
352 34 Various Pen, Ord 8,L 
353 33 Various Pen, Mis 8,L 
354 36 Prue, Bartlesville Pen 5 
355 34 Oswego, Skinner, Bartlesville | Pen s 1,720] 1,780} 60 
356 32 Big Lime, Bartlesville, Pen 8,L 
Burgess 
357 34 Bartlesville, Burgess, Pen, Mis §,L 
: Mississippian i 
358 36 Bartlesville, Hominy, Pen, Ord §,L 
Arbuckle ; 
359 36 Burgess, Bartlesville Pen $ 
360 
361 33 Pennsylvanian sand Pen iS) 
362 32 Stray, Bartlesville, Pen, Mis §,L 
Mississippian 
363 35 Various Pen, Ord §,L 3,550] 4,260 
364 35 Various Pen, Ord 8,L 
365 35 Various en 
366 38 Arbuckle ; Ord, Cam 
367 34 Skinner, Bartlesville Penge. § 
368 35 Various Pen, Mis §,L 1,600) 2,281 
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Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
a Year of : 
Field, County Discovery pe End of 1941 ae of 
& F To End of During | 2S ae er 
4 Fig 1941 it |e] y Eel ye lw 
2 Ss| 3 S|54)8 |S | els 
nel i 2 ~ = “f so a a 
2 ge| 8 g2| Ss |e] E | Se 
| 88! § [gie2| £5 |Eo| 2 | B5 
SEMINOLE AREA 
372| Adams, Hughes............... 1935 185 1,321,637 266,450 10 10 10 
373| Alabama, Hughes............. 1923 640 y 36,500 22 22 
374] Buchner, Hughes..,........-. 1924 140 y 10,585 1 1 
375| Calvin, Hughes............... 1938 80 95,111 36,500 Bs 2 5 5 
376| Fish, Hughes................. 1934 1,320} 17,135,463 1,329,695 17 142 142 
377| Fuhrman, Hughes............. 1925 395 1,796,985 9,125 9 9 
378] Gilerease, Hughes.........:... 1924 245 420,162 2,190 2 2 
379] Holdenville, North, Hughes... . 1926 80 137,211 1,825 1 
380] Holdenville, West, Hughes... .. 1916-30 1,340 5,123,692 215,350 2 er 113 
381| Lamar, Hughes............... 1923 104,160 0 Abandoned 
382| Papoose, Hughes.............. 1923 2,815} 21,850,288 206,225) 279 57 57 
383] Spaulding, Hughes............ 1929 80 76,791 4,015 2 2 2 
384! Wetumka, Hughes............ 1923 255 y 15,330 4 4 
385 PoOeE lair civic dan ok siwtcr’y 1938 80 96,513 55,480 3 5 5 
386 Babb Aes cehue ca dintels see 1926 100 y 4,015 1 6 6 
387] Yeager, Hughes..............- 1925 345 1,984,400 25,915 6 6 
388 North, Hughes........... 1936 100 131,578 22,995 7 7 
389] Miscellaneous, Hughes......... 220 151,151 18,980 10 10 
390] Castle, Okfuskee.............. 1941 80 68,035 68,035 2 2 2 2s 
391 North, Okfuskee.......... 1941 120 17,648 17,648 3 3 3 3 
392 South, Okfuskee.......... 1941 20 15,961 15,961 3 3 3 3 
393| Cromwell, East, Okfuskee...... 1940 Ha 1,444,759} 1,284,800} 62) 50 56 56 
394] Cromwell, North, Okfuskee..... 1938 562,197 363,175 1 15 15 
S05 MUL Oh fatakeaes corcisnievt ay « ¢ 1931 1,060 4,334,166} 1,440,655} 94) 35 87 y y 
396| Olympic, Okfuskee............ 1934 | 3'860] 11,386,621] —'592/395| 348 324 324 
397| Rusk, Okfuskee............... 1941 40 138,116 138,116 8 8 
398] Miscellaneous, Okfuskee....... ' 10 6,542 6,542 3 3 
399] Asher, Pottawatomie........... 1929 430 3,625,435 44,165) 70 1 5 5 
400| West, Pottawatomie....... 1930 780] 7,477,416} 102/200 33 33 
401| Avoca, Pottawatomie.......... 1988 180 1,129,889 537,645] 18 8 18 18 
402| Earlsboro, West, Pottawatomie. .| 1924-29 1,405 2,474,555 409,165 24 58 58 
403| Gray, Pottawatomie........... 1932 240 4,355,577 362,445) 35 26 26 
404] Grisso, Pottawatomie.......... 1934 210 352,532 23,360 3 3 
405| Hotulke, West, Pottawatomie.. . 1941 210 232,654 232,654 ll ll ll ll 
406] King, Pottawatomie........... 1939 100 121,541 15,695 3 3 
407 West, Pottawatomie....... ~ 1939 100 229,034 5,475 4 4 
408] Maud, Pottawatomie........... 1928 1,980} 12,074,104 212,795) 156 1 58 58 
409 South, Pottawatomie....... 1941 90 237,053 237,053 9 9 9 9 
410| Prague, Pottawatomie.......... 1940 160 558,932 400,770} 17 5 17 17 
411] Romulus, Pottawatomie,....... 1940 380 913,332 808,840 16 18 18 
412| Sacred Heart, Pottawatomie. .. . 1939 100 271,244 52,195 8 8 
413| Shawnee, Pottawatomie........ 1934 520 2,833,196 468,660 53 53 
414 East, Pottawatomie........ 1937 40 65,567 2,309 Abandoned during 1941 
415| _North, Pottawatomie. . 1937 80] 281,163] _ 138/335 4 4 
416] St. Louis, Pottawatomie........ 1927 19,865) 154,433,278) 6,479,480} 1,214; 38 878 878 
417 East, Pottawatomie........} 1941 70 92,341 92,341 7 7 7 7 
418 North, Pottawatomie...... 1941 170 330,506 330,506} 19) 19 19 19 ¥ 
419] Tecumseh, Pottawatomie...... . 1937 40 139,107 20,440 1 1 1 
420 East, Pottawatomie........ 1941 180 209,308 209,308 9 9 8 8 
421] Tecumseh Lake, Pottawatomie. . 1941 100 482,534 482,534 12 12 12 12 
422] Miscellaneous, Pottawatomie. ... 110 y 3,650 8 3 
423} Allen (deep), Seminole erate 1927 8,390] 51,420,814] 1,579,720) 475 9 300 300 
424| Bethel, Seminole.............. 1925 620 1,818,878 54,750 35 35 
425 North, Seminole.......... 1936 300 3,708,779 607,360) 32 2 27 27 
426 Northeast, Seminole....... 1941 20 3,556 3,556 1 1 1 1 
427 West, Seminole........... 1941 100 42,988 42,988 5 5 5 
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Character 
: Producing F : Deepest Zone Tested 
of Oil Been to End of 1941 
s 
g 
2 Depth, 
& Gravity Avg. Ft. 
8 80 Paes at - in 
ae PF, Name Agee 4/3 
8| 5 | Weighted ; Se hae Berne | BEE Ga eS Rae . 
5 @ | Average 3 2 = Av. 3m § oe 
z| & Ela | 4a lseeel§ ae 
. o B 
Al 6 [a] eS |e" le) & a 
372 40 Misener Mis S) Por 15} A | Wilcox 4,317 
373 39 Various Pen : 
374 35 Booch, Cromwell Pen § y y| oy 
375 36 Viola Ord L y vy) oy 
376 37 Various Pen, Ord y yl oy 
377 37 Gilcrease, Cromwell Pen $ y yioo¥ 
378 39 Gilcrease Pen S y y| oy 
379 40 Cromwell Pen 8 3,418) 3,487] 19 
380 37 Various Pen, Ord 8 
381 39 
382 36 Calvin, Gilcrease, Cromwell | Pen s Por 10} A | Wilcox 
383 35 Booch Pen Ny) 
384 38 Various Pen, Sil-Dev §,L 
385 53 Hunton, 2nd Wilcox Sil-Dev, Ord 5 
386 39 Gilcrease, Cromwell Pen tS) 
387 39 Various He Sil-Dev,} S,L 
388 37 Cromwell, Hunton, 2nd Pen, Sil-Dev,} S,L 
Wilcox Or 
389 35 Booch, Cromwell Pen 8 
390 43 Booch, Hunton Pen, Sil-Dev 3,950} 3,960 
391 41 Cromwell Pen 3,310] 3,323) 13 
392 43 Hunton Sil-Dev 3,930) 3,942) 12 
393 36 Cromwell, Hunton, Wilcox bed Sil-Dev, 
; Ir 
394 36 Booch, Cromwell Pen § 
395 36 Senora, Cromwell, Hunton | Pen, Sil-Dev 8,L | Por 
396 34 Senora, Cromwell Pen i) Por 3,433] 3,475} 
397 38 Cromwell Pen 3,691] 3,710 
398 35 Booch y Pen 
399 39 Wanette, Viola Ord §,L y y¥ 
400 43 Wanette 3,450 
401 39 Viola, 2nd Wilcox Ord §,L 
402 38 Hunton Sil-Dev L y y) oy 
403 40 Wanette, Hunton, Simpson | Sil-Dev, Ord 2,500] 3,475| 25) A | Wilcox 3,500 
404 36 Hunton, Simpson Sil-Dev, Ord L Wilcox 4,860 
405 38 Viola, Wilcox Ord 
406 41 Hunton, Viola Sil-Dev, Ord L 4,374] 4416] 42 
407 41 Hunton Sil-Dev L 4,281/ 4,306] 25 
408 38 Misener, Hunton, Simpson as Sil-Dev,| S,L | Por 4,130] 4,140} 10) A | Wicox 4,330 
409 40 Simpson Ord D 4,320) 4,325 5 
410 34 Senora Pen 
411 38 Hunton Sil-Dev 
412 32 Earlsboro Pen 8 2,862|2,883| 21 | 
413 34 Earlsboro Pen 5 Por y| y 
414) 31 Wilcox Ord 8 4,839| 4,844) 5 
415] 36 Simpson Ord ; 4,853 |4,886] 33 
416 38 Various oa Sil-Dev,| $,L | Por y y) yl y 
417 37 Wilcox Ord 4,111} 4,119 8 
418 38 Hunton Sil-Dev L 3,863] 3,879] 16 
419 37 Simpson Ord D yeas ae a 
420 35 | Viola, Wilcox Ord Saree Ber 
421 38 1st, Wilcox Ord 5,234) 5,244] 10 
422 36 Earlsboro Pen? ae Sy) 
423 36 Various Mis, Sil-Dev,| 8,L 2,500] 4,250 
424 36 Booch, Gilcrease, Cromwell | Pen 8 a 
425 40 Cromwe Pen PS) Por 20) A | Cromwell 
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Oil-produc- 
Area tion 
Proved ,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
: Year of i f 
Field, County Diseogany i End of 1941 Bs ol 
S : ToEnd of | During | 23 be 
4 ss 1941 1o4t | B2] Be ISEB) ely 
EI ss| 3 |Si/fAl8 [8 | els 
Z ao| 2 [elee| 8. [8,/ 2] 2. 
2 BS| & |g/84| Ss Es] & | 33 
ne Ste eaeenes SO Iele7| 0° iol ae ld 
428| Bowlegs, Seminole........... ‘| 1926 | 4,000) 119,124,423) 2,156,785 | 364 210/0.-.5| ee ete 
429 West, Seminole........... 1941 20 0 0 1 1 1 el 
430| Carr City, Seminole........... 1927 1,885 30,783,284 799,350} 121 79 79 
431] Cromwell, Seminole........... 1923 5,465) 57,128,518) = 1,034,045] 501 6 240 240 
432 South, Seminole.......... 1937 80 464,301 64,970 8 6 6 
433] Dill, South, Seminole.......... 1941 30 65,774 65,774 3 3 4 4 
434| Dora, Seminole............... 1935 1,110 4,666,285 440,920 2 110 110° 
435| Earlsboro, Seminole........... 1926 5,235| 125,474,833 1,351,595} 497 172 172 
436 East, Seminole........... 1929 2,105} 38,701,197 597,140} 187 2 82 82 
437 North, Seminole.......... 1936 460 5,120,234 1,244,650} 36 36 36 
438 South, Seminole.......... 1930 430 8,842,861 216,445 5 22 22 
439| Fish, West, Seminole.......... 1941 10 8,253 8,253 1 1 1 1 
440| Grayson, Seminole............ 1935 530 1,858,903 275,940 34 34 
441| Hazel, Seminole.............. 1938 220 423,693 55,115] 21 19 19 
442) Jackson, Seminole............. 1925 735 738,620 29,565 ll 11 
443] Keokuk, Seminole............ 1933 2,585} 11,587,645} 1,028,935) 107 98 98 
444| Konawa, Seminole............ 1929 1,695) 15,213,015 359,525] 124 4 96 96 
445 East, Seminole Sanalire ata) dd 1936 225 203,955 8,760 6 6 
446 South, Seminole.......... 19388 140 979,166 719,050 26 44 44 
447 West, Seminole........... 1938 170 559,788 113,880 16 1 17 17 
448) Little River, Seminole......... 1927 4,000] 111,719,540} 2,241,100} 601 6 232 232 
449 East, Seminole........... 1928 910} 16,718,070 230,680 1 62 62 
450 North, Seminole.......... 1941 180 140,069 140,069 5 5 5 5 
451 Southeast, Seminole....... 1940 40 11,180 5,840 2 2 2 
452| _ West, Seminole........... 1938 270 818,475] 195,640 4 16 16 
453| Mission, Seminole............. 1928 1,570} 25,502,275 447,125) 122 63 63 
454| Rosanna, Seminole............ 1924 505 y 144,905 1 21 21 
455| Sancho, Seminole............. 1929 60 333,624 17,885 6 6 
456| Sasakwa, Seminole... .. Solaisiels 1927 1,145} 10,845,475 334,705} 106 4 61 61 
457| Sasakwa Townsite, Seminole. . . 1933 175 2,335,399 102,200 8 8 
458] Searight, Seminole............ 1926 2,110} 34,258,399 393,105) 144 58 58 
459 East, Seminole........... 1939 80 168,563 21,170 4 4 
460 North, Seminole Penney: a3 1934 381 3,498,633 243,090 19 13 13 
461| Seminole City, Seminole....... 1926 4,635) 128,839,681] 2,230,880) 401 5 199 199 
462] Seminole: East, Seminole... ... 1926 1,545 8,526,802 331,055} 132 93 93 
463 North, Seminole.......... 1940 70 49,305 42,705 7 7 
464 West, Seminole........... 1935 260) 13,211,924 700,800; 40) 10 34 34 
465| Swan, Seminole............... 1938 10 13,764 2,190 1 | 
466] Sylvian, Seminole............. 1941 40 4,511 4,511 1 1 1 1 
467| Transco, Seminole............ 1926 40 104,143 0 Abandoned 
468] Traugh: Deep, Seminole....... 1937 140 859,130 117,165} 16 14 14 
469 hallow, Seminole......... 1937 250 843,009 85,775] 27 24 24 
470| Tyrola, Seminole............. 1937 100 75,012 9,490 5 4 4 
471| Wetley, Seminole............. 1927 360 512,992 36,500 1 18 18 
472| Wewoka, Seminole............ 1923 2,015} 40,120,532 338,720] 234 2 85 85 
473 East, Seminole........... 1927 180 1,801,485 73,000} 30 1 
474 North, Seminole.......... 1940 50 133,325 110,595 4 2 : : 
475 Northeast, Seminole....... 1941 20 388,608 4,745 3 3 3 3 
476| Wewoka Townsite, Seminole...| 1924 345 3,164,739 136,510} 40 27 27 
477| Wofford, Seminole............ 1935 50 652,505 20,075 3 3 
478] Miscellaneous, Seminole....... 90 123,076 26,358 12 12 
479 Aggregate for district of 
pools marked or y..... 3,462,151 
480 Total Seminole Area...... 94,58611,149,495,644| 39,508,181 
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Chatster Producing Formation Despre cone Tees 
3 
s : 
3 Depth, 
& Gravity Avg. Ft. : 
he Bo A.P.I, at a A 
2| 8 60°F., Name Agee es A 5 Name 
| 5 | Weighted By = a t= |S.s| Par) 
= 2 Ey iS) rae 3 oF 
z| @ | Average 8 celia i en as 
go A, a g =| 29), Bl 3S oe 
He A [2] 8 |aRetl3 x 
428 40 Various ae Si-Dev,| 8,L | Por 30) A 
Ir 
429 43 Hunton Sil-Dev 4,354] 4,390 
430 40 Misener, Hunton, Wilcox aos Sil-Dev,| 5,L | Por] 4,180) 4,205 A | Wilcox 4,210 
Ir 
431 37 Various Pen, Ord § Por 3,400 AF | Wilcox 4,226 
432 37 Wapanucka-Cromwell, Pen, Ord Sy) 4,176] 4,189] 13 
Wilcox 
433 40 Hunton Sil-Dev 4,128) 4,150] 22 
434 35 Boggy, Calvin Pen s 2,947) 2,959 
435 38 Harlsboro, Hunton, Wilcox Fem Sil-Dev,} 5,L y yl 
436 39 Calvin, Hunton, Wilcox EN Sil-Dev,| 5, y| 4,250} y 
r 
437 41 Hunton, Wilcox Sil-Dev, Ord 8,L A | Wilcox 4,680 
438 39 Calvin, Hunton, Wilcox Pen Sil-Dev,| 8,L | Por| 4,200) 4,225) 25) A | Wilcox 4,225 
Ir 
439 36 Booch Pen 3,168] 3,192} 24 
440 40 Simpson Ord y | 4,030} 4,050} 20} y |y y 
441 36 Thurman, Boggy Pen § 2,991] 3,003} 12) y 
442 38 Booch Rene s s y) oul 
443 40 Misener, Hunton, Wilcox are Sil-Dev,| 58,L y y| y | Wilcox 4,483 
r 
444 36 Earlsboro, Cromwell, Pen, Ord ) y y 
Simpson 
445 39 Earlsboro Pen 8 BIN eh 
446 37 Hunton, Viola, Wilcox Sil-Dev, Ord §,L 
447 36 Boggy, Calvin Pen 5 2,697| 2,714| 17 
448 38 Various Pen, Ord ) Por y| 4,100] | y 
449 36 Various Pen, Ord iS) y y yl) yl y 
450 41 Hunton, Dolomite, Wilcox | Sil-Dev, Ord 4,282] 4,280] 7 
451 38 Senora Pen 
452 39 Wilcox Ord iS) 4,378) 4,380 2 
453 39 Hunton, Wilcox Sil-Dev, Ord §,L y| 4,300} y 
454 38 Booch ae : 3,034] 3,054; 20 
455 37 Gilcrease, Cromwell en 
456 36 Various Pen, Ord 5,L 2,793] 4,187 
457 37 Wilcox Ord 8 Por 4,047) 4,050 3] y 
458 38 Hunton, Wilcox Sil-Dev, Ord S,L | Por| 4,120/4,325) yl » 
459 39 Cromwell Pen Ss 3,775| 3,791} 16) y 
460 32 Wilcox Ord. : 8 y | 4,596 y) oul y 
461 39 Various ee Mis, Sil-} 8,L | Por y ly 
ev, 
462 38 Cromwell, Hunton, Wilcox Sa Sil-Dev,} 8, L 3,514 
463 a1) is Pen 
464 42 Calvin, Wilcox Pen, Ord iS) Por | 4,085)4,115} 30) A | Wilcox 4,150 
465 36 Thurman § 2,671) 2,691} 20 
466 34 1st Wilcox Ord 4,366] 4,884] 18 
467 36 pins. cm aa : 2,159 zane . 
468 36 impson, Wilcox 
469 33 Earlsboro Pen 8 2,347| 2,360} 13 
470 37 Hunton Sil-Dev L 3,317 y) oy 
471 35 Hunton Sil-Dev . L 2,420) 2,585} 165 
472 Bi Cromwell, Hunton, Wilcox ea Sil-Dev,| 8,L | Por 
473 38 Hunton, Wilcox at: Ord §,L 4,214 y| oY 
474 41 Wilcox 
475 36 Misener, Hunton Miss, Sil-Dev 3,940] 3,995 
476 38 Various rep Sil-Dev,| 5, L 
yr 
477 40 Boggy, Wilcox Pen, Ord ) y y) oy 
478 38 Senora, Calvin, Hunton Pen, Sil-Dev §,L 
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537] Oscar, Jefferson 


964,097 


Oil-produc- 
Area tion 
Proved,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells gh geal 
Acres nd oO 
: \ 1941 
. Year of Duri Number of 
Field, County Diecoraey 1941" End of 1941 Wells 
i . To End of During | 23 >a 
2 o 1941 1941 |B] By Beeler |e a 
E| S| = |ee8|8 [2 | els 
Z Se| & (El8s| se lS] 2 | = 
o =] : 3S Beh | 
& #a| 8 [Sa] Fe |S] 2 | $5 
SourHRASTERN OKLAHOMA 
481) Brock? Carter 5200. aes oe as tele 1922 765 3,525,832 92,710 127 
482| Caddo, Carter.........s20--s+s 1939 40 3,768 10,585 1 
483] Centrahoma, Coal............. 1937 80 88,098 20,075 3 3 
484! Clarita, Coal iis. ee. e ee ca e's 1937 40 66,047 11,315 4 3 
485) Miscellaneous, Coal........... 1940 10 1,320 1,320 1 
486] Miscellaneous, Garvin......... 1936 15,364 0 1 
487) Citra, Hughes................ 1937 20 6,130 0 1 1 
488] Miscellaneous, Love........... 1937 40 4,197 240 1 
489] Byars, McClain.............. 1939 130 331,565 44,165 6 
490) Cumberland, Marshall. ....... 1940 380 2,789,287) 2,362,645} 42) 29 43 43 
491] Enos, Marshall............... 1933 265 49,695 13,140 23 
492| Isom Springs, Marshall........ 1931 380 171,137 21,900 7 54 
493| Kingston, Marshall........... 1932 115 16,407 0 9 
494| Madill, Marshall............. 1925 275 1,111,265 14,235 73 
495) Miscellaneous, Marshall. ...... 1932 20 y 0 1 
496] Ada, East, Pontotoc........... 1928 225 260,115 23,725 1 18 
497] Allen (shallow), Pontotoc....... 1913 2,530 8,714,748 128,115 195 
498] Bebee, Pontotoc............... 1923 2,530 11,991,306 1,468,760 4 230 
499 East, Pontotoc............ 1930 215 392,114 46,355 22 
500| Conservation, Pontotoc........ 1927 285} 508,468 24,455 12 
501] Fitts, Pontotoc................ 1933 5,955] 93,093,495) 4,221,225) 989 730 
502 North, Pontotoc........... 1934 150 535,698 30,660 15 
503 South, Pontotoc........... 1937 205 423,914 63,875 23 
504 West, Pontotoc........... 1937 175 410,727 55,115 il 
505] Francis, Pontotoc............. 1918 60 x 0 1 
506 West, Pontotoc. .......... 1917 80 z 5,475 4 7 
507| Jesse, Pontotoc. ............6: 1935 1,035 4,955,751 709,925 1 62 
508] Oakman, Pontotoc............ 1935 60 25,855 2,555 5 5 
509| Steedman, Pontotoc........... 1920 50 23,310 0 1 
510 North, Pontotoc........... 1928 305 1,655,282 82,125 14 
511] Miscellaneous, Pontotoc........ 60 8, 305 2 
512 Aggregate for district of 
pools marked z or y..... 231,162 
513 Total Southeastern Okla- 
OUR sie hb vata d cols 5 Cate 16,480} 131,540,705} 9,455,000 1,695 
SouTHwEsTERN OKLAHOMA 
514! Sayre, Beckham 1923 304,519 0 Abandoned 
515] Apache, Caddo............... 1941 80 174,875 174,875 9 
516) Binger, Caddo. sini. ci ecaa: 1934 80 80,922 9,855 1 
517| Cement, Caddo,.............. 1917 4,505} 22,909,621 3,374,060} 478) 47 
618] Ed Cox, Carter.............0. 1925 770 727,364 81,030 10 
GLO) Hox, Casters dules: secede dees 1917-85 1,100} 14,594,594 396,755 
520 Graham, Carter 1917 2,990] 26,417,977 367,190 
521 Healdton Carter cc. cini. 1913 7550} 190,549,567 3,082,425/2 362 9 
522| Howitt, Oarter....,0c01-acauen 1919 4,530} 92,510,511 4,530,380] 1,094) 115 
523) Sholem Alechem, Carter....... 1923 4,760} 37,876,464 908,850} 401 1 
524) Tatums, Carter............... 1927 2,660 16,180,615 612,835) 247 
525] Tussy, Carter... 1933 985 4,375,699} 1,803,050 17 
526| Wheeler, Carter..... 1916 755 x 10, 
527| Wildcat Jim, Carter... . 1914 1,235 z 168,630 
528] Miscellaneous, Carter 40 1,078 155 
529] Hanbury, Comanche. 1920 280 v 1,460 
1915 960 y 4,745 
1917 3,790| 25,434,979 311,710 1 
1921 2,410} 15,179,035 320,105} 328 
n 1924 1,990) 15,001,207 642,035} 269 8 
Miscellaneous, Grady 1923 40 y 
_535) Altus, Jackson...... 1934 1,740 1,544,418 338,720 18 
536] Tipton, Jackson. . . 1935 750 1,675,138 219,000 
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Character , 2 
of Oil Producing Formation Beppe’ Ave ene 
ss 
8 
re Depth, 
= Gravity Avg. Ft. 
Be zi 
a Yl ame Agee = ale 
|S | Weighted 7 ian i S| 4 pare is 
id B A =) > 3S =e Se 
AZ| 8 NETAES & 3 Ay o Eg an 3 id 
g 5, 3 3 a 8 $ a 4 2p z aS 
4) & é | 2 | &8 |B82<| & ae 
481 32 —_-| Ordivician, Arbuckle Ord, Cam 8 Por 2,100 AF | Ord Lime 3,000 
482 35 | Woodford Mis 8 4,170| 4324) 154 : 
483 38 McAlester sand, Viola Pen, Ord 8,L 5,970} 6,235) 265 
484 39 Atoka NS) 790| 836} 46 
a Cromwell Pen 1,835] 1,900 
. 4 Bromide, McLish Ord 8 5,755) 5,994) 
489 37 Layton, Viola Pen, Ord L 3,485] 3,623) 138 
490 37 Bromide, McLish Ord 
491 26 Preston, Arbuckle Ord, Cam 
492 26 Stray sand 5 587| 540} 3 
493 26 Cretaceous, Trinity 
rie 40 Bilbo, Arbuckle Ord, Cam 8 402 
496 27 Boggy, Senora Pen 8 1,790) 1,795) 5 
497 30 Allen 
498 36 Boggy, Hunton, Viola oa Sil-Dev, 
r 
499 35 Senora, Hunton, Viola, Pen, Sil-Dev,} S,L 
Simpson Ord 
500 30 Boggy, Hunton Pen, Sil-Dev Wilcox 3,062 
501 39 Various viet Sil-Dev,| 8,L 
r 
502 32 McAlester, Gilcrease Pen ) 1,767 yoy 
503 35 Gilcrease, Hunton, Viola aes Sil-Dev,| 8,L 
Ir 
504 39 Cromwell Pen Ns) 3,021} 3,110} 89 
505 26 Allen, Senora Pen 1,200} 2,000 
506 27 Allen, Senora Pen 
507 40 Hunton, McLish Sil-Dev, Ord L,S 
508 29 Boggy Pen S 1,160} 1,169] 9 
509 31 Boggy Pen 
510 31 Boggy Pen 
511 Hunton Sil-Dev L 
512 
513 
514 34 Deese Pen N) Por yl oy 
515 39 Simpson Ord 3,395) 3,430 
516 38 Deese Pen 
517 34 Various Per, Pen 5 1,900) 1,600 f 
518 22 Pontotoc, Deese Pen 1,250] 2,910] 30 
519 31 Fox sand, Simpson, Oil Creek | Pen, Ord 5 2,200) 2,500 A ; ‘ 
520 31 Deese Pen S  |28-30 A | Dornicks Hills | 5,180 
521 31 Various Pen, Ord 8,L 920} 3,500 AF | Arbuckle z 
522 34 Hewitt, Viola Pen, Ord S  |15-20 920) 2,700 AF | Arbuckle z 
523 29 Hoxbar, Deese Pen 8 30 1,890) 4,000 A 
524 27 Deese, Arbuckle Pen, Ord 8 30 60 
525 23 Deese Pen s Por y| A 
526 20 Pontotoc Pen 8 y A 
527 24 Pontotoc, Deese Pen 1,552} 2,890 
528 20 ; 
529 38 Various Pen Gw,S 1,640} 2,100 
530 30 
531 34 Cisco, Hoxbar 2,100) 2,400 
532 23 Pontotoc, Simpson Pen, Ord 8,L y 1,200} 1,900 A 
533 35 Pontotoc Pen 8 15-20} 1,700) 2,200} 15} AF 8,963 
534 Pontotoc Pen j 
535 41 Granite wash Pen Gw | Por 30| D 
536 40 Canyon, Arbuckle Ord L y yl ; 
OE EEN SSS Sed i ec) 1) 
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initial capacity of 2,165,000,000 cu. ft., and 
697 were dry holes. 

Recompleted wells in the state—i.e., 
wells either plugged back or drilled deeper 
to test new horizons—were divided as 
follows: 283 oil wells with a combined 
initial production of 56,968 bbl., 34 gas 
wells aggregating 100,000,000 cu. ft., and 
124 abandonments. 

The state’s wildcat effort met with 
meager success, although the total number 
of wells drilled increased 45 per cent from 
227 in 1940 to 329 in 1941. Of these, 61 
were oil wells; 25, gas wells; and 243, dry 
holes. The reworking of old producing 
areas was largely responsible for the dis- 
covery of numerous small pools with so 
high a rate of drilling. With the possible 
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exception of the Apache pool, the discovery 
of which has revived interest in the 
Anadarko Basin, no new areas were pro- 
vided where widespread exploitation can be 
expected. The principal new pools dis- 
covered as a result of the exploratory 
drilling were Apache, in Caddo County; 
Guthrie, in Logan County; and West 
Hotulke, Tecumseh Lake and North 
St. Louis, in Pottawatomie County. At 
the end of the year the Apache field had 


nine completed wells, which averaged 5009 


bbl. initial from the Simpson Bromide 
formation at 3400 ft.; Guthrie had 28 wells 
with an average initial of 812 bbl. in the 
second Wilcox sand at 5485 ft.; West 
Hotulke had 11 wells with an_ initial 
average of 174 bbl. from the Wilcox 


TABLE 1.—(Continued) 


Oil-produc- 
Area h : tion 
Proved ,| Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres End of 
1941 
: Year of - 
Field, County Disahion § gr End of 1941 — of 
5 ; To End of During | 23 >a 
| om 1941 1941 [ZS | By EEE we |e 
a ~_ . 

g ge| & |z/82| 28 [83] & | $8 
= SF] S |e|&2| Eo |EO| & | aA 
538] Seay, Jefferson............... 1924 325 529,545 16,790 49 9 
39] Spring, Jefferson.............. 1924 265 145,635 37 37 
540| Hobart, Kiowa............... 1939 140 959,424 868,335 23 30 30 
541) Stockton, Love............... 1937 40 49,088 8,760 1 1 
542] Comanche, Stephens.......... 1918 925 10,397,271 182,865 3 161 161 
543] Cruce, Stephens............. 1926 100 y 6,935 5 5 
544| Doyle, Stephens.............. 1921-87 315 7] 155,855 2 36 36 
545 West, Stephens........... 1939 100 93,440 35,040 3 3 
546| Duncan: North, Stephens...... 1920 1,260 4,226,878 135,415 92 92 
547 West, Stephens... co. Sees 1919 910 5,897,342 115,705 71 71 
548] Empire, Stephens............. 1920 2,630 y 655,175 13 282 282 
549] Loco, Stephens..............-- 1915 575 1,520,476 56,575 4 63 63 
550| West, Stephens........... 1941 40 0 0 6 6 6 6 
551| Milroy: Deep, Stephens........ 1937-39 40 425,867 109,135 1 1 1 
552 Shallow, Stephens......... 1916 800 3,354,691 109,500 2 142 142 
553] Palacine, Stephens............ 1929 120 165,370 18,250 4 4 
554] Rainola, Stephens............. 1921 150 y 35,405 23 23 
555) Velma, de’ 7 iy een ee 1917 3,610 6,122,431 312,075 32 648 648 
556] Woolsey, Stephens............ 1922 170 7] 21,900 19 19 
557| Miscellaneous, Stephens....... 100 35,201 9,323 3 3 
558] Frederick, Tillman ES eis wets 1937 40 26,882 730 ll 3 3 
559 West, Tillman na hn aha 1937-39 180 2,144,528 947,905 30 30 
560| Red River Bed, Tillman....... 1920 500 y 110,230 90 90 

561 ggregate for district of 
pools marked z or y..... 47,778,432 
562 hou Southwestern Okla- 
ON AS. aivsts peices 58,020) 550,229,541} 21,364,938 7,224 
663) Total Oklahoma.............. 760,454/4,929,220,502| 152,117,398 See Bil 
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sand at 4600 ft.; Tecumseh Lake had 12 
wells initially averaging 378 bbl. from the 
Wilcox sand at 5250 ft.; and North St. 
Louis had 19 wells, which averaged 432 bbl. 
initially from the Hunton limestone at 
3850 ft. 


Most ImMportTANT DEVELOPMENT IN 
PooLts DISCOVERED PRIOR TO 10941 


East Cromwell—tiIn the East Cromwell 
pool, 48 oil wells were drilled, with an 
average initial production of 507 bbl.; two 
gas wells, with an average of 725,000 cu. ft. 
of gas; and four dry holes. Reconditioning 

- of four oil wells resulted in an aggregate of 
1112 bbl. initial potential. The pool, dis- 
covered in 1940, averaged 3520 bbl. per 
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day from the Cromwell and Wilcox sands 
at approximately 3500 and 4500 ft., 
respectively. 

Dill Pool—The original Hunton lime- 
stone discovery well in the Dill pool was 
completed in the early part of 1931 and 
production was discovered in the Cromwell 
sand in 1934. During ro41 some 35 oil 
wells were completed, with an average 
initial potential of 330 bbl. Production 
of the pool for the year averaged 3947 bbl. 
per day from a total of 87 producing wells. 

Fish Pool.—Discovered in 1934, the Fish 
pool had 17 oil-well completions during 
1941, with an average initial potential of 
158 bbl., and eight dry holes. Production 
as a result of the additional development 
increased from 2,700 bbl. daily at the 
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Charact - : Deepest Zone Tested 
ot Oil er Producing Formation t> End of 1941 
3 
8 
= Depth, 
5 J Avg. Ft 
S| Ser j 
wets B 
& 2 60°F., Name Agee = % = § Name 
E g Weighted 3 Sn ¢ ge Ee 2 ey 
7 | @ | Average 3 3 eo 2 |8 3 ae fs as 
2| 6 3 g ao |SPe\eF] 8 
4) 3 6 |e | es ae! 2 ae 
538 35 Cisco, Hoxbar 1,100 
539 35. | Hoxbar 2'095| 2,101] 6 
540 35 Pontotoc, Conglomerate Pen L 1,091] 1,107] 16 
541 36 Unidentified 8 6,893] 6,927) 34 
542 34 Stray, Wilson, Pace 8 1,400} 1,800 
543 30 Upper Penn. Pen iS) 800) 1,900 
544 30 Permian, Hoxbar, Deese 1,100] 1,250 
en ? f) 
545 42 pees, i iS) ane 3 Se 36 
546 36 omas i : 
547 33 Brown, Blaydes 1,700|2,300 
548 39 Various 1,600|2 300 { 
549 23 Pontotoc, Deese Pen § 850} 1,550 
550 34 Sandy Lime . 1,118) 1,135 
551 42 Hunton, Oil Creek Sil-Dev 7,554|7,625| 71 
552 26 Pontotoc Pen 
553 36 Pennsylvanian, Arbuckle Pen, Ord 
554 36 Smith, Brown ; Pen 
555 26 Permian, Glenn, Bromide Per, Pen, Ord $ 
556 32 Permian, Glenn vied Pen i 
557 36 Deese en 
558 39 Canyon, Strawn Ord L,S 3,081 A 
559 37 aan a fe 
560 39 Cisco 1,540) 1,700 
561 
562 
563 
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beginning of the year to an average of 
3643 bbl. for 1941. 

South Konawa.—In the South Konawa 
pool, a 1938 Hunton limestone discovery, 
26 oil wells with an average initial of 
371 bbl., one recompletion, and one dry 
hole were completed during 1941. Produc- 
tion for the year averaged 1970 bbl. daily. 

Oklahoma City.—Development in the 
Oklahoma City pool, the state’s greatest 
oil pool, continued throughout the year, 
and 38 oil-well completions averaged 


o 


336 bbl. per day of initial production, com- 
pared with 29 oil wells with an average of 
500 bbl. initial for the preceding year. 
Production averaged 87,620 bbl. per day 
during the year against an average of 
97,600 bbl. during 1940. Total production 
from the pool to the end of 1941 approxi- 
mates 545,000,000 bbl., of which approxi- 
mately 413,000,000 bbl. was produced 
from the Wilcox sand, which is too ft. thick 
on an average and covers an area of some 
7000 acres. 


Oil and Gas Development in Northern and Central Pennsylvania 
during 1941 


By Artuur C. Stumons,* MEMBER A.I.M.E. 


THe State of Pennsylvania produces 
approximately 60 per cent of the total 
production of Pennsylvania Grade oil, and 
naturally represents the dominant factor 
in the area producing that grade. The 
producing area comprises the states of 
New York, Pennsylvania, West Virginia, 
and a small part of Ohio. The importance 
of this area is too commonly neglected 
because it produces only 2 per cent of the 
total amount of crude produced in the 
United States. It is, of course, unimportant 
in its percentage of total crude production, 
but extremely important for its production 
of lubricating oil. 

The lubricating fraction from a barrel of 
Pennsylvania Grade crude oil represents 
about 22 per cent of the total, whereas the 
lubricating fraction from the total United 
States production represents only about 
2.5 per cent of the crude oil. The Pennsyl- 
vania Grade area produces about 6,000,000 
bbl. of lubricants, which is 15 to 20 per 
cent of the total produced in the United 
States. All Pennsylvania Grade lubricants 
are classified as “high-grade,” and with a 
production of r5 to 20 per cent of the total 
lubricants, it appears probable that the 
Pennsylvania Grade area accounts for 25 to 
50 per cent of the high-grade lubricants 
produced in the United States. 


PRODUCTION 


Bradford Field 


The production figures quoted in Table 1 
apply only to the part of the Bradford 
Manuscript received at the office of the Institute 
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field that lies wholly within the state of 
Pennsylvania; approximately ‘15 per cent 


of the Bradford field is in Cattaraugus 


County, New York, and to per cent of the 
production is obtained from that sector. 
The Bradford-field production in 1941 was 
12,729,900 bbl. as compared with a pro- 
duction in the year 1940 of 12,748,279 bbl., 
or a reduction of 18,379 bbl. The year 1941 
represents the fourth successive year in 
which production in the Bradford field 
has declined. All of the production from 
the Bradford field is obtained by water- 
flooding methods and increases or decreases 
in production are due more to economic 
factors than to any physical limitations 
of the pool, inasmuch as additional drilling 
of water-intake and producing wells would 
increase the total production of the field. 
It is apparent that increased drilling of 
oil and water-intake wells does not take 
place except under stimulus of a favorable 
price; and while oil prices during 1941 were 
moderately favorable, they were not 
sufficient to prevent a mild decline. 

Too many wells were drilled in the Brad- 
ford field in 1937, but this was compen: 
sated by subnormal drilling activities in 
1938 and 1939 and a large increase in 
1940. The increase in 1941 over 1940 was 
about 7 per cent. The effect of new drilling 
is becoming less pronounced on a per well 
basis because more properties yielding less 
per acre are being drilled than were drilled 
in former years. 


Central and Southern Pennsylvania 


The production in central and southern 
Pennsylvania amounted to a total of 
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4,104,100 bbl. during 1941, which repre- 
sents a decrease of 500,663 bbl. from the 
year 1940. The decrease in central and 
southern Pennsylvania amounted to about 


TABLE 1.—Oil Production, State of Pennsylvania 


Music Mountain Field 


405 


The Music Mountain field was discoy- 
ered in 1937 and since that time has been 


a EE a a ee ee ee 


Oil Pro- : 
Wells Oil Pro- duction, Seat hag ite 
Com- duction, Centraland duction, 
pleted, | Change! Bradford Change Southern | Change State of Change 
Bradford Field, Pennsyl- Reaotel 
Field¢ Bbl.? vania vania, 
BbLe ie 
Total: 
ROBT eta hres 4,112 15,076,909 4,108,100 19,185,100 
OB ontars cantve 2,148 —1,964] 13,417,102] —1,659,807| 4,008,923 | — 99,177| 17,426,025 — 1,758,084 
LOSOis, ts. « 2,114 _ 34] 12,899,104) — 517,998] 4,438,035 | +429,112| 17,337,139| — 88,886 
EOAO.'. 2 5.'s 3,004 + 800] 12,748,279] — 150,825] 4,604,763 | +166,728| ©7,353,042| + 15,903° 
(TOql..:.. 3,207 + 203] 12,729,900] — 18,379] 4,104,100 | —500,663| 16,834,000] — 519,042 
Daily average: 
EOS ale Asus 41,300 14,255 52,555 
ORR acne 36,759) — 4,541 10,983 | — 272 47,742] — 4,813 
1939...-.. 35,340) — I,419 T2559) ioe ty 7.0 47,499] — 243 
EOAGh: Gs. © 34,831; — 500 12,581 | + 422 47,412| — 87¢ 
LOAD seta 34,876] + 45 11,244 | — 1,337 46,120| — 1,292 


7 Includes oil and water-intake wells and New York state part of Bradford field. 


+’ Pennsylvania production only. 


¢ Variance between total production and daily average occasioned by 365-day year in 1939 and 366-day 


year in 1940. 


1400 bbl. per day; approximately 500 bbl. 
per day of this amount is attributable to 
the Music Mountain pool and goo bbl. per 
day to the remainder of the area. 

With the exception of the Music Moun- 
tain pool, which is being produced both 
by natural methods and secondary gas 
repressuring, and the Clarendon field in 
Warren County, all the remainder of 
Pennsylvania oil is produced either by 
natural wells or by air-gas repressuring. 
It is not practicable to subdivide the pro- 
duction in the various districts of Pennsyl- 
vania or to differentiate between air-gas 
production and natural production; how- 
ever, it appears probable that the large 
majority of Pennsylvania production, other 
than Bradford, is obtained by some degree 
of repressuring. It is apparent that new 
developments in air-gas repressuring are 
not sufficient to overcome the natural 
decline encountered in the remainder of 
Pennsylvania, and the prevention of this 
decline can only be overcome with a 
sufficient price incentive to permit more 
intensive air-gas repressuring. 


producing by natural methods and gas 
repressuring. This pool produced a peak in 
March 1940 of approximately 6200 bbl. 
per day, whereas in 1941 the yearly aver- 
age was only 2865 bbl. per day. The daily 
average production in 1941 is shown in 
Table 2. This particular pool showed a 
continuous decline from January through 
December, in spite of additional drilling 
of “inside” locations. 


TABLE 2.—Daily Average Production, 
Music Mountain Field 


Month Bbl. Month Bbl. 
MAMMAL YN. sete See ta AEO TSH AY eet ekarere |ductierets 2,350 
Pebruaryenacs is « + 2's. 3800) AUUStis, «vee ie) ouesess 2,300 
IMGATOH. wouetaertie es 2 3,750] September. ...... 2,400 
WAT@ELL she ucts phe chee ble 33°75 | O@tObEr: «techie oc 2,500 
Mhavarciaccoyemt auetea ote 3,350] November....... 2,200 
HP UITLS Ec pee see eee eae 2,750] December........ 1,600 


CRUDE-OIL PRICES AND STOCKS 


The price of Bradford Pennsylvania 
Grade crude oil varied from a minimum of 
$2.15, which was applicable on Jan. 1, 1941, 
to a maximum of $2.98 on Aug. 14, 1941; 
this price was reduced to $2.75 on Aug. 23, 
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1941, by order of the Office of Price Admin- 
istration. The $2.75 price prevailed for 
the remainder of the year and the average 
price realized throughout the entire cal- 
endar year was $2.56 per barrel. The over- 
all average represents an increase of 24¢ 
per barrel more than the average realized 
in 1940, which was $2.32. Table 3 includes 
all price changes throughout the year for 
Bradford, Allegany, Southwest Pennsyl- 
vania, West Virginia, and Ohio areas. 


TABLE 3.—Market Price Changes 
Pennsylvania Grade Crude 


South - 
Brad-| Alle West . 

Date fords | gany i! Va. Ohio 
Jane, ob. dott $2.15 |$2.15 |$1.80 |$1.74 |$1.70 
Pate 27s aie ta BF3O01'19230: |RSS" E180" 23s 8S 
ADEs 23. ¢eictan 2.40 | 2.40 | 2.05 | 1.99 | 1.95 
May atin» a. 2055 (oaSs 2.20.1 eir4 | 2. te 
June DSi wees S75 hele. 240) asa op as3e 
ATURE GA Aye ein a 2.98 | 2.98) -2265 12,50) |" 2 55 
AAG 5 23 etete ten 6 2.75) 2.75) 2.40 | 2is4 1 2.36 
Average....... $2.565/$2.565|$2.215|$2.115|$2.115 


At the beginning of 1941 the stocks of 
Pennsylvania Grade totaled 4,034,000 bbl. 
and these declined to approximately 
3,260,000 bbl. by the end of the year, repre- 
senting an over-all reduction of 19 per 
cent. In 1940 the stocks of Pennsylvania 
Grade crude oil reached a low of 4,010,000 
bbl. as of March 31, 1940, which was the 
lowest point of record; consequently the 
storage as of the end of 1941 of 3,260,000 
bbl. represents an all-time low in storage 
of Pennsylvania Grade crude oil. This 
storage of Pennsylvania oil represents a 
dangerous and uneconomic amount be- 
cause a large portion of it is “‘unavailable,” 
being included as tank bottoms and pipe- 
line fill. 

It is interesting to compare the decline 
in storage of Pennsylvania Grade with 
the decline in storage of all United States 
stocks, which dropped during the year 
about 11 per cent, whereas Pennsylvania 


Grade stocks declined approximately 19 per 
cent. 


Gas DEVELOPMENTS 


No new gas fields of consequence were 
discovered in Pennsylvania during 1941, 
and the existing fields declined so much 
that it is difficult to maintain both domestic 
and industrial gas service. Considerable 
additional drilling was done in the older 
fields and many unsuccessful dry holes 


were drilled in exploring for deep gas 


production. 


SUMMARY 


The small decline realized in production 
of crude oil within the state of Pennsyl- 
vania during 1941 was unavoidable, but 
this decline could be minimized or reversed 
with a price sufficient to stimulate new 
developments. The recoverable crude-oil 
reserves in Pennsylvania are comparable in 
years supply with the total United States 
reserves, but a large part of these reserves 
cannot be recovered at existing price levels. 
The over-all average price of $2.56 per 
barrel was more favorable than that in 
previous years since 1937, when the aver- 
age was $2.60 per barrel. 

Production of Pennsylvania Grade crude 
oil is relatively unimportant when com- 
pared with the crude production of the 
United States but it is valuable because 
of its yield of lubricants, which is a large 
percentage of the total yield of high- grams 
lubricants in the United States. 

The methods used in the production of 
Pennsylvania crude oil during 1941 were 
similar in all respects to methods employed 
in previous years, inasmuch as the Brad- 
ford field in Pennsylvania and New York 
states and the Bolivar field in Allegany 
County, New York, produced almost 
wholly by water-flooding methods and the 
remainder of the area produced by both 
natural production and air-gas repressuring. 


Oil and Gas Developments in Southwestern Pennsylvania 
during 1941 


By Joun T. GAtry* 


THE outstanding developments of the 
year in southwestern Pennsylvania were 
the establishment of the Summit Fayette 
County gas pool and the gas pool in 
Nicholson township, Fayette County, and 
Monongahela township, Greene County, as 
_major producing areas, and the indica- 
tion of four new shallow gas pools. Cur- 
tailment of drilling for shallow gas is 
expected to follow order M68 of the Office 
-of Production Management. Gas comple- 
tions were approximately 70 per cent 
higher, oil completions nearly 25 per cent 
lower, dry holes were unchanged and 
drilling wells as of Dec. 31, 1941, nearly 
roo per cent higher than last year. 


SHALLOW DEVELOPMENT 


Oil.—Outside Butler County, only 11 
producers were drilled, with a total initial 
of 221 bbl. The best of these was in a 
portion of Gilmore township, Greene 
County, which ordinarily produces gas. 
This well flowed 77 bbl. in 11 hr., along 
with about one million cubic feet of gas 
from the Fourth (U.Dev.) sand. Wash- 
ington County had a 10.20 and a 25-bbl. 
well in Morris township and a 20-bbl. well 
in South Franklin township. These were 
all in the Fifth Sand. 

The price of oil to Jan. 27 was $1.80 per 
barrel, when a 15¢ increase was made. This 
was followed by a raise of 20¢ on Apr. 23, 
t5¢ on May 21, 20¢ on June 18 and 25¢ on 
Aug. 14. The last increase was. canceled 
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on Aug. 23 by the Office of Price Adminis- 
tration, which pegged southwestern Penn- 
sylvania crude at $2.40 per barrel. 

Gas.—An almost doubled initial produc- 
tion of natural gas is the result of the large 
increase in number of wells drilled. The 
outstanding discovery of the year was in 
the vicinity of Armbrust, Hempfield town- 
ship, Westmoreland County, where a well 
drilled to what at first was considered the 
Bayard sand, but what is now known to 
be the Fifth (U.Dev.) sand, at 2100 ft. 
found nearly 5 million cu. ft. of gas. Since 
this completion 14 wells have been finished, 
only one of which was dry, giving a com- 
bined total open flow of approximately 
15 million cu. ft. The sand is 35 to 4o ft. 
thick and the saturation extends through 
most of that thickness. Rock pressure, 
which is 1040 lb. per sq. in., is abnormally 
high. An aréa of only about one square 
mile has been proven but some of the 
24 new wells drilling as of Dec. 31 will no 
doubt extend it considerably. This develop- 
ment has taken place in an area heretofore 
considered to have had little prospect. 

There were three good wells in other 
parts of Westmoreland County, One well 
in Franklin township, which had 12 million 
cu. ft. of gas in the Fifth sand, was entirely 
surrounded by dry holes but is still pro- 
ducing at a high rate. In Bell township a 
1.6 million cu. ft. well was found in the 
Speechley (U.Dev.) sand and in Washing- 
ton township the same sand produced 2.7 
million cu. ft. with shut-in pressure of 
970 lb. at 2820 ft. This well is offset by 
two dry holes and one well with a capacity 
of only ro M cubic feet. 
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Two notable gas-well completions were 
made in Forward township, Allegheny 
County, where 2 million cu. ft. was found 
in the Big Injun (Miss.) and 9 million 
cu. ft. in the Bayard (U.Dev.) sand. Both 
of these were in old producing areas. 

Armstrong County, which leads in the 
number of completions, had only two good 
wells, both of which were in the Fifth 
sand. One of these, in Kittanning town- 
ship, had 1.5 million cu. ft. with 585 lb. 
rock pressure, while the other, in Valley 
township, had 1.3 million cu. ft. with 
730 lb. rock pressure at 1592 ft. The last- 
named well gives indication of opening a 
new pool. Many of the wells, both here 
and in Indiana County, were drilled to the 
Bradford (U.Dev.) sand, in which only 
small production was found. 

In Cranberry township, Butler County, 
where there is some oil production in the 
Hundred-foot (U.Dev.) sand, a well drilled 
to the Butler County gas sand (Miss.) 
had 2.875 million cu. ft., with 325 lb. rock 
pressure at 1180 ft. A second well, how- 
ever, failed to find production. 

Gas was found in to different sands in 
Fayette County. An effort made to extend 
the Bradford sand find of last year in 
Franklin township met with only slight 
success; one of the two wells drilled proved 
dry and the second had only 60 M cu. ft. 
The best Big Injun (Miss.) sand wells made 
1.25, 1.5, 1.7, 2 and 3 million cu. ft. in 
Nicholson township, where the greatest 
part of the activity was centered. German 
township had a one-million-cu.-ft. well in 
the same sand and along the same trend 
of the Big Injun sand in Greene County 
there were drilled 1.2, 1.75, 2.1, and 13 
million-cu.-ft. wells. This trend, extending 
over a distance of 16 miles, has developed 
into one of major proportions. Another 
large Big Injun sand well was drilled in 
Fayette County, Jefferson township, which 
was completed for 4.142 million cu. ft. In 
Center township there was a completion 
for 1.3 million cu. ft. in the Fifty-foot 
(U.Dev.) sand, and in Whitley township 


a well was completed for nearly 0.7 million 
cu. ft. in the Bayard sand. 

The three outstanding wells in Washing- 
ton County were also in the Big Injun 
sand. Two of these, in West Bethlehem 
township, produced 0.75 million cu. ft. 
under 720 lb. rock pressure, and in North 
Strabane township a well flowed slightly 
over 1 million, both indicating the possi- 
bility of new pools. Another well in South 


Franklin township produced 6.5 million 


cu. ft. in the same sand. 


DEEP-SAND DEVELOPMENT 


Deep-sand (L.Dev.) completions total- 
ing 10 were more numerous than during 
any year in the short history of that 
activity which now records 47 Onondaga 
or Oriskany tests, of which three were 
drilled by the rotary method. This is 
largely the result of the development of 
the Summit, Fayette County, gas pool, 
where five new wells are commercial. 

Five wildcat wells were drilled to the 
Oriskany and failed to find production. 
Two of these were in New Sewickley and 
Center townships, respectively, in Beaver 
County. They were located on seismo- 
graph highs, ran normal as to depth and 
found salt water. A well drilled on a very 
gentle surface fold in Springfield township, 
near the southern border of Mercer 


County, encountered only 2 ft. of poor 


Oriskany sand, but it is reported to be 
drilling to the Medina (L.Sil) sand. In West 


Franklin township, Armstrong County, a. 


well drilled on a pronounced closure on the 
Kellersburg anticline was normal in every 
respect except for the presence of the 
Oriskany sand, only 1 ft. of the horizon 
being present. The deep test on the Laurel 
Hill anticline in Stewart township, Fayette 
County, had only a small show of gas in 
the Oriskany, as apparently it penetrated 
that formation nearly 700 ft. lower than 
was anticipated after it had crossed over 
to the downthrown side of the east flank 
fault. This well, completed at a depth of 
8498 ft., is the deepest cable-tool hole in 
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the state and the second deepest in the 
Appalachian area. 

Two interesting wildcats are nearing the 
critical stages. One is situated on a well- 
defined closure of the Fayette anticline, in 
South Huntington township, Westmore- 
land County, while the other is on a gentle 
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water in the Oriskany. Detailed surface 
and subsurface work projected to the 
Oriskany sand shows the latter well to 
have been drilled low on the flank of a 
small dome, and the new test is being 
drilled in a position expected to have a 
subsea elevation some 20 ft. higher. 


TaBLE 1.—Wells Drilled for Oil and Gas in Southwestern Pennsylvania during 10941, 
Together with Initial Oil and Gas Production Developed? ° 


Number Initial Number Initial Number Drilling 

Cans of Open of Produc- of as of 
unty ; 

Gas Flow, Oil tion, Dry Dec. 30, 

Wells M Cu. Ft Wells Bbl. Holes Wells 
Allegheny .2%..... 0.0... Il 14,399 I 
SPSS Si CACO ACMI RI CICE BESANT 5 

PAE TSULOLIS Porta) serv ois fash) cogs o> Aa Soe wins 103 15,642 Oo (6) . ie 
BSA CL INE ea ate toe cc ais 5 ait Sabie: ax I 50 ts) ) 2 (0) 
Lai Gs Renaaceseo nen OREO ae eee 7 3,000 36 75 17 5 
ESTEE goth Oe sie ee OOD eee 45 37,075 o O I5 17 
(Cee Reet da tae Boe SG ena Oe eee 74 49,074 5 137 cz 25 
HEART oe Geen ndtons ed ote tile Be ina 602 ts) oO II 3 
Wear witett Cen eran al er eiecuel scales isiei'sf=) Suebe aes 3 150 (0) to) 2 (o) 
A TSEULI SL OLR ha by caste vepenstore Suntec noes 48 15,607 S 79 Il 13 
PNVEe SIMON EL AIC exes yarsyocm aielihaxe-ds Peus iste evs 37 34,030 oO 0 2 30 
Siecueren teem ete Mae Navan. 0d Silere a jecale dS 340 173,619 AT 20906 83 II7 


2 Includes deepening operations. 


surface closure of the Washington anti- 
cline, Richhill township, in the northwest 
corner of Greene County. Each of these 
has encountered the Onondaga at region- 
ally high subsea elevation. 

Locations for two new deep tests have 
been made. One is to be drilled in Ligonier 
township, Westmoreland County, on a 
well-defined surface dome of the Laurel 
Hill anticline, approximately 214 miles 
southwest of the Indiana Savings and 
Trust Co. well completed in 1937, which 
had nearly 700 M cu. ft. of gas accompanied 
by salt water in the Onondaga and a 
large volume of salt water in the Oriskany. 
The other test, in Slippery Rock township, 
Lawrence County, is in the abandoned 
Big Meadows gas pool discovered about 
so years ago. Production was derived 
originally from the Murraysville, or Butler 
County, gas sand (Miss.). Four deep tests 
were drilled in this area, commencing in 
1933. Two of these found hard, dry sand; 
one had a small show of oil and gas with no 
salt water, and the other had nearly 
70 M cu. ft. of gas accompanied by salt 


Summit Poor 


A 2-mile southwest extension of produc- 
tion, the discovery of a new productive 
horizon and the proving of faulting of 
great magnitude, marked developments in 
the Summit pool, where eight gas wells 
and one dry hole had previously been 
drilled. Production here has been in the 
Onondaga chert and in the Oriskany sand. 
The four gas wells completed averaged 
nearly 3 million cu. ft. each and the highest 
on structure had 5.7 million cu. ft. in the 
Onondaga without reaching the Oriskany. 
Two miles southwest of the proven area 
a test is drilling in the Onondaga, which, 
while running nearly 800 ft. lower than 
the top of the structure, has already found 
2.5 million cu. ft. of gas. 

Another well drilled in the proven area, 
which had gas in the Onondaga and a 
small volume in the Oriskany, found 
production in the Helderberg (L.Dev.) 
chert. This is the first production from the 
latter horizon in southwestern Pennsyl- 
vania. However, two wells previously 


410 OIL AND GAS DEVELOPMENTS IN SOUTHWESTERN PENNSYLVANIA DURING I94I 


TABLE 2.—Deep Drilling in Southwestern Pennsylvania during 1941 
(Including Deepening Operations) 


: : . KS 
i uh peace 
County Township Name eB & & “4 
pe, . . aes 
2 | oe s5e | 85h 
a Pole com ge 
BeaversJiniseae New Sewickley Pflug No. 1 1,153 5,2762 5,438 
Beaver sacusig ei Center Koehle hrs. No. 1 1,066 5.1452 5,312 
Armstrong.....- West Franklin Beidenbach No. 1 | 1,174] 5,416 |5,773? 
. 5,791? 5,907 
2 
Fayette iii%:.< ai Georges Barton No. 1 2,317| 6,442 1eeas ‘ 
, 7 6,657? 4 
Fayette... . 3.5: North Union Piedmont No. 1 2,176| 6,060 6.69234) 7/035 
7 
Fayette tices North Union Sorg No. 2 2,511] 6,351 eos «| 7,2824 
Payetteu... con South Union Heyn No. 3 2,316) 5,845 ona 6,5794 
Pavyetten? oilers South Union Heyn No. 4 2,531| 6,005 bees 4 
Fayette........ South Union Piedmont No. 3 2,405] 6,047 Sb 7,0834 
Payette... «ics South Union Piedmont No. 4 2,491] 6,756 
F r 6,540 
Havettet, aces South Union Piedmont No. 5 2,460] 5,977 |6,576%4 | 6,7404 
Payettay acs saisre South Union Carothers No. 1 2,567 
Mayeuler dvsstteyos Stewart Neel No. 1 2,566] 7,700 |8,0503 8,304! 
Bavette: nana sia. Wharton Kirby No. 1 2,600 
Greenes... vais x Richhill Workman No. t 1,246 6,776 
Lawrence....... Slippery Rock renee and Myers | 1,207 
o.1 
Mercér. ies Springfield Collins No. 1 1,280] 4,2767/4,424 
Westmoreland. .| Ligonier Beck No. 1 2,784 
Westmoreland. .| South Hunting-| Jacobs Creek No. 1] 964] 6,720 1 Pst) 
ton 73483 


1 Obtained by seven maximum thermometers sus 


2 Onondaga lime. 
3 Onondaga chert. 


4 Pay. 


drilled into the Helderberg in this vicinity 


found no gas. 


The three remaining drilling wells have 
passed through faults and are encountering 
difficulty in drilling. One of these, which 
has crossed over to the downthrown side 
of the west flank fault, is running nearly 
1000 ft. lower than the top of the structure 


and has been drilling for some distance in 
apparently steeply dipping Marcellus shale. 


The most important development from 
a geological standpoint during the year, 
aside from the proving of faulting of great 
magnitude at Summit, Fayette County, 


Depth, 


Total 
Ft. 


5,449 


51345 


3 Mcu. ft. gas 


6,000 


7,350 
7434 
6,792 
6,578 


7,272 


7,080 


8,408 


pended in sand pumpings between runs at 5065 feet. 
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Remarks 


5440; SW. 
5 al; SW. 
SW. 5319-5330 


Only Oriskany 
sand horizon 


daga; 
ing 3250 lb. 
R.P 


Drilled deeper 
no add. gas 
2,500 M cu. ft. 
total 

2,125 M cu. ft. 
gas total 

5,600 M cu. 
ft. gas net 
through 
Onondaga 
R.P. 2095 lb. 


2,800 M cu. ft. 
gas total in- 
cludin gas 
in elder- 
berg _ below 
Oriskany 

Drilling 7803 
in fault 


1,011 Mcu. ft. 
gas total 
Drilling 5475 
in fault. 
Show gas 8250 
downthrown 
side of fault 
Cementing 
6360 in fault 


Fishing 4570. 
Only Oris- 
kany horizon 
present 

Building road 

Fishing in: 

Onondaga. 
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mentioned above, is the extension of the 
Oriskany ‘“‘no sand” area to the west and 
south by wells in West Franklin township, 
Armstrong County, and Springfield town- 
ship, Mercer County, respectively. This 
extension further delimits the territory in 
which stratigraphic traps may be found. 
Insofar as shallow development is con- 
cerned, a more careful study than has 
_ever before been made of sand condition 
has yielded results in several widely 
separated areas. The large Bayard sand 
well in Forward township, Allegheny 
County, is one example of what can be 
done by this means. 


SEISMOGRAPH WORK 


The seismograph is credited with the 
2-mile southwest extension of the Summit- 
‘Fayette County gas pool. Two wildcats 
drilled on seismograph highs found salt 
water in the Oriskany and favorable 
surface structure was lacking. 

One of the major oil companies has shot 
over a strip of territory in the south- 
western part of Pennsylvania approxi- 
mately 50 miles wide and extending almost 
as far north as the glaciated area. Their 
findings have not resulted in any lease 
play, possibly for the reason that much of 
the acreage worked is already under lease 
or production. 


DRILLING TECHNOLOGY 


Highly explosive gas pockets in the 
Marcellus shale, almost entirely in the 
western portion of the area, create a 
severe hazard in deep (L.Dev.) drilling. 
Ordinarily, this hazard is overcome by the 
use of a column of brine carried in the hole 
as drilling fluid. In a test in Center town- 
ship, Beaver County, where this technique 
was not employed, five strings of tools 
were lost and finally it became necessary 
to skid the rig after over 5000 ft. of hole 
was drilled. In Rich Hill township, Greene 
County, difficulty was encountered in 
drilling the gas-pocket zone even though 


4II 


salt water was employed, but this was 
occasioned by the carrying of too short a 
column of brine in the hole when the gas 
pockets were struck. This is the deepest 
well in which a column of brine has been 
carried to date, and it was found impracti- 
cable to bail the muddy brine from the hole 
and replace it every 24 hr., particularly in 
view of the 4000 ft. of open hole, which 
made necessary the dumping of the brine 
with the bailer. Satisfactory results were 
obtained, however, by removing only 
to bailers of muddy brine and replacing 
them with the same quantity of fresh 
brine each 24 hr., which is over and above 
the one bailer exchanged at the end of each 
run. Perhaps the optimum results will be 
obtained with the method when pipe is 
carried along with the hole, thus requiring 
a smaller volume of brine to obtain the 
maximum hydrostatic head, and permitting 
the brine to be poured from the top rather 
than lowered by the bailer. 


PIPE-LINE CONSTRUCTION 


A new gas line is projected from the 
Louisiana gas fields to West Virginia. 
Much of the gas transported over this line 
would come through existing facilities into 
southwestern Pennsylvania. The volume 
it is considered possible for the line to carry 
would just about equal one year’s depletion 
of gas reserves in this area. Thus, no 
decline in drilling activity is foreseen as a 
result of the line, particularly in view of 
the fact that new production developed 
during the year does not normally balance 
depletion. In addition, industrial demand 
for gas is advancing so rapidly because 
of the war effort that there is already such 
a shortage that industrial gas is rationed 
during periods of peak loads. However, it 
seems possible that sufficient new gas 
reserves to prevent any shortage here can 
be developed by intelligently prospecting 
the deeper, hitherto little explored horizons. 
including the Oriskany, on already known 
structures. 


Oil and Gas in the Rocky Mountain District in 1941 
By C. E. SHOENFELT,* MempBer A.I.M.E. 


TABLE 1.—Oil and Gas Production in the Rocky Mountain District 


Area Proved, Acres |Total Oil Production, Bbl. 
Year of 
Field, County Discov- 
ery : 
: = To End of | During 
s Oil | Gas 1941 1941 
‘3 
i] 
a 
S 
3 
COLORADO 
+ a) Berthoud, Larimer ntsc oor none he ee Leen 1927 510 320 60,332 3,090 
2) Boulders Boulder isc. ej cmiteliccnre ys tae a ce ATO eee E sees wale ee 1902 400 654,677 4,893 
Si Florence, Mremont. <coe.ae « boats saw sie Meropictee tomaleie fetelorse eiteaie teks 1862 9,000 13,732,757 53,431 
4) Wt Collings Larimer: castes. na eka toceanistceinie s Sarees ete ites 1923 400 2,232,047 45,235 
Bi Garcia Was Ansmagnct tcc it. tke eave tein. ce heels cite ee eats 1927 640 
Gi (Gransewood slags, cnccis te aarharae oscne om alle tate) sree ce eae Sere erent 1930 200 470,794 7,104 
|, Hamilton Moffat cjucectcten coms salads eel icca onsets sisiciciee raise elses 1924 400 5,797,056) 115,529 
Si Hiawatha M Ofals oe toca. ce Mawcine ste eet eneietlteare areccte oetnisceenre states 1928 640 3,180 338,804 191,572 
Oi Tee Mo fat utah ie rain ce ty nt eer ante ae att Pane ere 1924 600 9,073,849| 555,946 
LOW Model\as: A RUInase a cine oe e cmrar creck witkecree Ve caer etl een 1929 4,380 
12 Powder: Wash. Moa... oc Sos ee Rit Berane tke cramer 1936 40,154 40,154 
12 | Piiod,. Archuleta fins 23 sotoe ae hide ele sete eee aw eeeeatea earn ee eee 1934 200 1,189,431} 330,017 
ASH Rangeley, MiG sBlancomens center as oaccsicle saa mtete ee tetehe, ford orairoke 1919 320 973,212| 224,258 
14 [SDhornburg, io Blancos ha os srsraralang ort arsare ve tense nia eienene alot eaten reaete 1925 350 
15 Tow Creeks Hoult o; cit wrtiuie olciecis Gakbrctars tite Oe sie Mare toi ee betarshs cick 1924 200 1,737,648 49,291 
NG| Walden; Jackson suc stan. cette choc bee o mee ete eee 1927 320 85,336 ol 
UZ Wellington, Larimer? ain... c caseaaied Get aemeente ema tede an ee ieee 1924 1,000 4,921,146 71,532 
13} Wilson! Creeks WtoBlaticos: Wis. 04 shie Ge we boa nate anaes eee 1938 640. 871,270| 451,819 
MonrtTANA 
19 [kBorder sf 0016) is toe cicesck Giga scene aaieomaeh oe eiretardes Sate elite 1930 450 1,085,432 25,299 
20 || Bowdom-sacos Phivine taker tr wlvaexe. unroee sewichioeaict alas coteeeks 1916 100,000 
AT BOWES: BEasMGn canis slain seta cinco cinls sate Ue taletotinieraroaiettce c arseie eRe 1926 3,000 
B22 l\Boxeldart Qube sctke. Nalowtis: orate SAAR ae aor ae ee eaite Oe 1931 900 
28 | Cast Crepe wats teisictcs a tase Setar eas dat Oe ais Teiaes Meters tare eget: 1920 15,007,882} 167,623 
24 Mirat:sanid):.c shite Sete cn aires anes aE oh Line 600 
25 Badond naridscs sre craidh hay toe Pac ian dy ere a nereccin ceeeie 240 
26| Cedar Creek, Dawson, Fallon and Wibaur............ 600.020 cu eee 1913 
27 Pins b BAL adh tae cseiein Sans Cane Ree OP aN e aroha { 110,000 
28 Beddud Satie 7 sccterccee cat ce temattomiee teres tte Gealssak aad 
29 Madison Limes Pings toe) ohaste aan ie ce teetiare actsla Aid ose 1936 80 27,287 9,699 
90) Cub Batic OLaoreh;.0% veteitgaty 5 date ia ea akig Mes hema okie re 1932 | 38,000 55,000} 26,018,008] 5,015,862 
SL DrysCreaks Carbon ; ma tachi ack saulen OT et acoaeare ieee wictiw comes 1930 
32 MPOritler : = ei tFimci-(owtielo nota herlaeito one teLaie Ment Stas ed a 1,760 1,851,877} 166,713 
33 Clovarly' ergot tettaeh ok ete Stee Ree eee Kee, 
O4| HIE Ragin’ Carbon, amcwueketer cert ael ek merce Nee ethers 1916 140 1,021,488 17,654 
Ta MMa ly elena t pe lyn Mak ROR in On et te ace ene MLO eee te 2,000 ; 
36) Havatack Butta, cacy ous coasts arn rota at eae he seinen oes 
27 Wevid-SunnuMst “TOE esac ncae seh Mirani ele teehee ae sates A 1922 | 60,000 39,633,741| 1,759,624 
G8) Lake Basins Stitiewalar ce. achaitoceiate axle Mehta lament Rca ocean 1924 300 1,500 462,773 18,414 
39} Ponderay.£ ondera Gna Teton. sc. viens sare shine nC tee aliens ene 1927 1,600 5,945,164) 281,747 
40| Sweetgrass Hills, Liberty and Toole. .......... 0.020 ccc ccc vee euees 1929 500 8,000 108,375 7,413 
UTAH 
AL cAshleyay allay Usnit te24 ct ctesicaue etait Sarees: uncon. ne eee 1926 240 
$2) Win6d, GFANd sack. bx Pave ies Bakken sted lina aera MOR Rite eee aL eee 1925 2,000 
43) Clay Basing Daggath. Biv s.ctek us conten ce hoochie tee one 1928 2,800 
Ah! Farnham 2 Oarbon a issnede specs cee that ee eee ete 1924 600 
4b |)Ban; Juan, San IRAN Ss sun cits De ainc ft alysteteios Vey am Ohms Meee 1910 160 14,222 50 
AG VIRRIOG Washington: cinta tank,” qiule sais ates <wPePe Era 5 eee 1908 450 181,625 


———_..... OO 
> Footnotes to column heads and by tga of symbols are given on page 250. 
1 Wells produce large quantities of CO2 with the oil—shut in. 7 Field abandoned 1941. 


Manuscript received at the office of the Institute May 13 and May 18, 1942. 
* Geologist, Petroleum Information, Denver, Colorado. 
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TABLE 1.—(Continued) 
re Ie Ee ee ee i a 
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2 Contains 7.9 per cent helium, balance nitrogen and COz. 


3 Operating under vacuum. 
4Gas is produced from san 


8 Field abandoned 1937. 


9 Carbon dioxide gas. 


10 Pressure at time of abandonment. 


Total Gas Produc- Oil-production | Reservoir Pres- 
tion, Millions Number of Oil and/or Gas Wells Methods, End sure, Lb. pee Character of Oil 
Cu. Ft. of 1941 Sa. In. 
During 1941 End of 1941 Number of Wells 
5 | ToEnd | During | o_, .. , | Ave: at Peer 
© of 1941 1941 =e Es Z oI 3 E as a As Initial pag of Weighted Average 
5 sc. | 3 a |sS/e = | Flow-| Artificial -a 
te Sot eres VEE Ste ling |. Lift BO 
es nS} q Si Sa: ees ba a 
rE BS | 8 | 8 |8a|\se\e3 ES 
ps Sle) Sai ME a ge ee ae 
COLORADO 
1 727.3 50.3 6 1 1 1 1 600 75 38.5 0.1 
2 57 2 1 i 9 9 38.6 0.2 
3 1,209 1 106 106 31.0 0.1 
4 16 8 8 37.0 0.1 
5 8,500 70.2 16 6 12 3 
6 8 1 1 42.0 0.1 
i 25 2 11 11 41.0 0.1 
8 | 26,241.5 | 2,801.5 18 4 5 2 5 850 yt 36.9 0.1 
9 54 30 30 37.0 0.1 
~ 10 6452 0 8 5 12 | Shut in 
11 477.3 477.3 7 2 1 2 5 2 685 685 38.2 0.1 
12 20 9 9 40.0 0.1 
13 Att 22 12 17 17 43.0 0.1 
14 444.1 101.0 4 3 725 650 
i 5 9 9 35.0 Oey 
50.0 0.1 
17 32 11 11 37.4 0.1 
18 8 4 6 6 46.0 0.1 
MONTANA 
19 30 0 8 9 9 34 
20 
21 
22 
23 331 1 118 118 
24 49 
25 49 
26 
al 
28 
29 3 1 1 1 al 19 
30 794 | 119 12 637) 81 637 41 
31 
32 16 ih 7 51 
33 
34 34 1 1 22 22 43 
35 
36 
37 2,638 58 19 1,048] 197 1,048 34 
38 40 2 2 44.1 
39 187 153 153 37 
40 ov 3 2 9! 20 9 36 
UTAH 
41 | 22,015 15 5 5 0 580 100 
42 3,128 08 ie 750 32510 
43 |143,612.5 | 4,689.5 8 7 2,250 y 
44] 8,971.9 101.59 2 1 750 | 280 
45 116 1 39 
46 132 18 34 


d lenses. Initial pressures range from 661 to 1315 Ib. per sq, in, 
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TABLE 1.—(Continued) 


OIL AND GAS IN THE ROCKY MOUNTAIN DISTRICT IN I941 


Zone Tested 
Producing Formation Dot riot 
Depth, 
Avg. Ft 
g Depth 
S Name Ageé ae Name of Hole, 
E| § | Bb | B.teklee! & 
Zz OD ie ae Wee eh ae oe | 
o a a6 S > 
3 6 | & (és [ae |2<| 2 
COLORADO 
1; Hygiene CreU iS] 20 2,920 | 2,940) 20 A | Lakota (CreL) 4,031 
2) Pierre CreU H 2,000 MF , 
3] Pierre ~ oe oe : rete Teac TS | Fountain (Pen) 1,875 
Muddy-Dakota reU 1 : , 
4\f Sizes For S | ie | sees |soaiiaey| 4 Bundance (Fur). | 5.200 
5| Benton CreU H 1,600 D | Fountain (Pen) 2,500 
6| Muddy a 4 te 6,645 | 6,680) 35 A Morrison (Jur) 7,040 
Dakota Te 5 
7|{ paket a S | ig}° | 3860 |3,880| 20 | D |Sundance (Jur) | 4,490 
8} Wasatch Eoc $ y Sand lenses D_ | Mesa Verde (CreU) | 7,577 
9| Sundance Jur 8 9 3,295 | 3,315) 20 D_ | Sundance (Jur 3,447 
10| Santa Rosa (?) Tri 8 19 960 (1,004) 50 D Fountain (Pen 2,010 
11] Wasatch Eoc 8 Por Sand lenses D Wasatch (Eoc) 5,878 
12| Dakota bs CreU 8 y 1,120 | 1,140} 20 A | Dakota (?)_ 1,350(?) 
13| Mancos CreU H 600 A | Pennsylvanian 7,173 
14| Dakota CreU s 15 2,200 | 2,230) 30 D_ | Sundance (Jur) 3,110 
15| Mancos CreU H 2,600 A Gneiss® 5,310 
16] Muddy-Dakota CreU 8 14 5,110 | 5,215} 90 AF | Morrison (Jur) 5,258 
17| Muddy-Dakota CreU 8 12 4,480 | 4,500) 20 A Sundance (Jur) 4,992 
18| Morrison Jur s y 6,550 |6,675)125 D Sundance (Jur) 6,981 
MONTANA 
19] Vanalta CreL §8,SH| 14 2,470 | 2,500) 15 MC 
20] Colorado CreU SH 750 | 720| 50 D 
21| Eagle CreU 8 15 975 | 1,045)100 D 
a Eagle CreU 8 17 1,200 | 1,272)100 A 
24| First Cat Creek CreU Ni] 15 1,200 | 1,245] 50 AF 
a Second Cat Creek CreL 8 15 1,400 | 1,440} 40 AF 
27| Judith River CreU Ny) 15 830 | 900] 70 A 
28] Eagle CreU SH y 1,460 60 A 
29| Madison Mis L y 6,750 | 6,800) 50 A 
ao Cut Bank Jur 8 14 2,800 | 2,835) 30 MC 
32| Frontier CreU 5 18 4,400 | 4,450] 50 AF 
33] Cloverly CreL 8 y 5,500 | 5,525) 25 AF 
34] Frontier CreU § 15 1,000 | 1,200) 40 AF 
4 Frontier CreU 8 y 700 730} 20 | MF(?) 
37| Ellis-Madison Contact Jur-Mis| L y 1,450 | 1,470) 10 D 
38| Eagle, Frontier, Dakota CreU,L| § uv 1,200 | 1,320/100 D 
39] Madison _ Mis L y 1,975 | 1,990} 10 Ae 
40| Upper Ellis Jur 8 y 400 | 1,420) 20 D 
UTAH 
41] Morrison Jur § v 
42 Dakota CreU 8 
Morrison Jur 8 \ y 
43) Dakota CreU 8 18 
44] Coconino Per 8 
45 one Pen § 


46) Kaibab- 
Kaiba) 


e 
eo contact or Upper 


663" 


5 Figures from recovery indicate 20 per cent. 


6 Oldest sedimentary formation tested Thaynes (‘Triassic). 


11 §15 to 815 ft., depending on position on moni 


665 


inal structure. 


~ 


C. E. SHOENFELT 


TABLE 1.—(Continued) 


415 


= SRE semmeeemeersemmeneeseemeree a 


Area Proved, Acres 


Total Oil Production, Bbl. 


pent of 
ie Rave iSCOV- 
A Field, County ae 
s ; b To End of | During 
eI ae oe 1941 1941 
A 
s 
5 
WYOMING 
AMPA CALCD UGLO pM PEMONE. oi as5 50s ies SIC fio « hdc Socata Aiea s 1928 4 
Been eryba Ken CanoOia rn Neh. skies Seale enon Sac Renee Dae eee CEL 1933 : 300 Sel 5 
E pas mes pha Fe an nC eRe aoe ene OOH aie hed 1928 40° 
OME AULEIMSASIL OT facet. Mears Orsini s wrath Cabtscnilen aaa ante wes 1931 300 427,964 57,412 
51} Baxter Basin (South), bee aler eee ore Eee de cate canter e : 
52 Axe Sac Beech POLIO OT RTS CPO ne nT A es a 1922 7,467 
BS ak abadra na cata Mikel aes ouby, Sita Mase ccne tes 1922 4,310 
54 Batter’ Bon North) su8 weetwaten: s.r ccrp eeulrae eres cones canines 
55 SEU ari re rahe Ae ntact PE iopin Skule Phe e ve ects law Bete ceceyere tans 1926 1,280 
56 DUNCAN GEMM REM Ace wacaeel ac etn ec beme tint ce ieca re etau ce 1928 2,280 
PMEISCLVCL OLCCKs /H VEMONE. ccd cic we slaclath cancion canines oceaisieeevet - 1937 640 
SITE NIUICG Ys, COMET SEN arskcareal «asic le cia cye 6 ietohe ork a /aterlale alm aloiare victetents,« 1915 
59 SMANHON eer Serer chins ohieatectaiosits. esol naam Mata clon 1916 
60 WATERSS a7 che MIA eck ES foe RO caer cle eae ne 1916 2,000] 27,016,787] 420,873 
61 DAKota reer cite he eta cise ouine haces elie te catches aeee 1922 
BeBe mand Draw, Fremont. oiicieds sve sys cise tele swisiniseate «vials ei agoade P 
63 BAVeaHIR CO DCE i ccctc hate ru etavayes ciseidteorsinl uti te eh ok cb ioral ot ovabarett oa a ska alten 1917 1,200 
64 Eieios Reig bet menioven, 1a Grafoes(atsioler ect, slertin sates sions s os Sis tosTarsiete sree, dlaye, arciale 1930 300 
65| Billy Creek, Johnson : 1921 1,200 
66] Black Mountain, Hot Springs 1925 300 300 268,381 32,727 
67| Bolton Creek, Natrona....... 1920 
68 SHAAN EO Mis Br neats, Perse eels Soa Were ereeceiahe si sleet tates tbe 1920 50 27.102 0 
69 IDLE oie, can oe Ga COE ARCO IEE oe CRIS CTA Res Se PRICE CIO 1920 50 y 
WORE GEE ONION ERONG 18 Hele cove, «/ou0,61 sictadeel dies orcigcolevelone. aye\eevaless ohate eee os 1920 300 
71| Bunker Hill, Carbon..... . Hoousd inns AcapEe cbspanonsic neue saasn 1936 480 
PAV EO SL) OME EB UGE ON ouster tcasln,aatlousieie, «6, oles slginle sietcuaie ot cis dlataiols,< 1906 
73 ER TOWBIOR ic teeorseie eeretarao hts > einai atti hie zie Storer Tatavs, he re, ala (Sroka iateres’ 1922 500 
74 SUNG pet eR ee tad ales ies irenie obs Tots aisle cae Neier can ek oe 1929 40 5,825,510} 1,091,969 
75 Preah et LEMSICEP eres) Lieveietietz-s ia: Sip orig 2 abd. ciara aphaceva lelelsfe stave analore's\ 1932 2,950 
iI Ole oneeK CIN GHONG s<cro es icity. uidisld ocarsetvvleletctvia chet saiieiereibioraeete elses Sie 1937 900 502,245} 296,932 
7) IDEALS DIS Sie 02777 ie on Om eC Ae NO DEG Onin S One eeeS ace 1883 350 3,137,238} 197,596 
TRG WEN OUT, VE ESLON aii disiajec utara cle dots(s ie ectcote Grats omen siete elnaetecete 1938 40 21,186 0 
79 ea Breese CAN VON rs Sere eearare router) ous tel peta TG THe. eheae severe beuabars ite ie 
80 Pah Ae yea toners seth Ir Rea. EEE oar irene Se ne 
PMN Dd fey See Src k hee ced ihe he ie sues 1926 | 150 BES Sig 
82| East mle take. CEROO TIM cree cig i Sethe olives cite paethcaret tn ie tes tensvons eco 1936 410 
Raihast ance Oreeks NIGUTANGcs s+ <.ccm vee ee ae veliletasienirieacincee 1918 400 150 
84| Hight Mile Lake, CHRON Mine calc Petree oe eter ate eicat A, ante 1923 250 
85] Elk peal, BOTT oe Paws heck aibhere acute oovheie ara he ad catorecstar hie ius rah 1915 
86 OREDIGE Ss cemeralets cleie yaar revare oh orale busks OMT any araOSe miners Fuser 
87 Dakota chr cenit eee A. MG ee tat reer erro ahne deat 580 oe, 11,399,049 219,795 
88| Enos Creek, Hot Springs... Field abandoned 
89] Ferris, Ci GaN aT sda, BR sees 200 200 545,020 63,334 
90) Ferris (West), East Mahoney, Carbon. 
91 ee ark SN Tein b Mele tin eh Cncte erat tc * 500 
EEN RIDES NICES Se DONT Ae an ae RR SO 500 5,601,380] 1,009 766 
94] Garland, Bip PAC itd dane sh OMe I ate 4 a ica ena eI 
95 Frontier BR os oe SA le ue AUN Mean Rc ates IS sabe ale 40 ieee 
96 (i ee Ate Ben Asc oca Gin dee cr nt GiabOUR pene no Ce acrerk , 1.81 2,766 
97 oir lendeep Bi ARs LAREN Sten No ROC ee 160 EO) Go ogee cee 
98 IMEC Glasby De Oo Ea Ara tr katte Cones coerce antics 2,000 500 ; 
99| Golden Tiel Eat Sipringes Nocera: tarp atcisise ciara oterols.2 lovee hs Shut in 
HUHRG OUREDELI VN UI ite wae emai ec. Mipteete ght ee wiicine ela 1936 500 
MaaL i Grraas Creek oH OF IS DI ene sa rvee vette le ate cie alas Ao 9) =) thai 23/0, er ayavs, wioss)=\ wie 1914 
102 Frontier SF eRe Diem rr anit) PROP or ea tos 5 Oe EC RT toe 1,400 29,685,143] 1,166,941 
103 Minbar Denmloep oa eka vam seine tater sleltte cis sersl= = Heaters ereleiacers af25« 2,000 
EOE Gira bi dar Ale Gyalie otis dan neh ao aso onods oor Donebe ao poRE Soba 1907 640 346,730 0 
MOB WEA milton HOt Springs s...in aes <ehta saris pebaetiar s\saislav a caisheres 1913 | 2,000 5,556,433) 316,528 
Hidden D. VOCAB Bare eee O58 ODOR OD DCE CCE ae 1933 50 640 338,590 29,976 
Te nos eae Pid ETAL Moan, Beet AMID eet CE te Cree Oc nae eee OO 1922 80 80 24,324 5,403 
108| La Barge, Lincoln, eta Miata ataalan Uo caller anal» oh 1S ae 7,284,669} 727,553 


109! Lake Creek, Hot Springs... 
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TABLE 1.—(Continued) 
eee 


Total Gas Produc- Qil-production | Reservoir Pres- : 
tion, Millions Number of Oil and/or Gas Wells Methods, End sure, Lb. per Character of Oil 
Cu. Ft. of 1941 Sq. In. 


During 1941] End of 1941 | Number of Wells 


Avg. at | Gravity A.P.I. 
Initial | End of at 60°F., 
Flow- | Artificial 1941 | Weighted Average 
ing Lift 


ToEnd | During 
of 1941 1941 


Line Number 


End of 1941 
Shut Down 


Producing 


Completed to 
Oile 


Completed 
Abandoned 
Temporarily 
Producing 
Sulphur, 
Per Cent 


E 
5 


WYOMING 


0o| 0 0 0 37 


“0 0 Abandoned 35 
4 4 48 


= 
wo 
o 
—) 
o 


a 
—] 
ow 


57 1 1 Shut in 
58 174 0 0 0 135 135 33.5 


66 6 0 0 0 6 6 19 
68 14 0 0 Abandoned 22 


14 14 oe 32 
93 
0 42 42 { ee 2 


76 16 
77 72 


7 
3} 


x 
Co 
o 

, — an — I — J — | 
o 
_ 
ro 


86 154 1 0 144) 5 144 43 


89 27 1 0 12 2 10 36.3 


93 23] 8| 0 9 19 27.7 


330 330 43 


33 33 { Embar 25.6 \ 


e 
S 
o 
wo 
o 
omco co oOo ©& 
Cormooco coco C&C 
— 
a 
= 
a 
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TABLE 1.—(Continued) 
ere a a ee re oe 


Producing Formation Deepest Zone Tested 
to End of 1941 
Depth, 
Avg. Ft. 
S . g Depth 
q Name Age? > =| 5 3 Name of Hole, 
acy ne i at ae 2 Ft. 
al 3 a Ay © g ee & 
E a | 5 | 38 22/32] = 
<p 5 & as | ge|ea| $ 
WYOMING 
47| Morrison Jur 1 § Por 4,570 | 4,600) 30 A 
48| Sundance Jur Ss Por 2,100 | 2,175} 40 A 
49| Dakota CreU 8 Por 3,951 |3,957| 6 A 
ed Frontier CreU NS} Por 8,250 | 8,500} 49 A 
52] Frontier CreU § Por 2,200 | 2,400) 16 AF 
: a Dakota CreU iS) Por 3,000 | 3,500) 50 AF 
55| Dakota CreU 8 Por 2,950 |3,100) 20 AF 
56] Sundance Jur 8 Por 3,350 | 3,400) 15 AF 
a Lakota CreL S Por 8,244 | 8,288] 44 A 
59| Shannon CreU 5 Por 1,200 | 1,250] 65 A 
60} Wall Creek CreU 8 Por 3,260 | 3,400)100 A 
61) Dakota CreU 8 Por 4,600 | 4,700} 15 A 
62) Wall Creek CreU § Por 2,300 | 2,800|150 A 
“4 Lakota CreL 8 Por 4,300 | 4,350] 40 A 
65| Wall Creek CreU SH Por 3,200 | 3,250} 30 A 
66| Embar-Tensleep Per-Pen| LS 2,900 | 3,350}135 A 
67| Sundance Jur i) Por 1,015 | 1,120] 10 AF 
a Embar Per L Cav | 2,025 | 2,050) 15 AF 
70| Shannon CreU 8 Por 2,150 | 2,200) 70 A 
a Shannon CreU 8 Por 1,224 | 1,480]250 A 
73) Frontier CreU S Por 2,400 | 2,500) 30 A 
74| Sundance Jur § Por 4,205 |4,209| 4 A 
75| Embar-Tensleep Pen, Per} LS | CavPor| 5,300 | 5,700/130 A 
76| Shannon CreU NS) Por 4,550 | 4,650/100 A 
77| Embar-Tensleep Per Pen} LS |Cav,Por} 700 | 1,200/150 A 
78| Leo Zone, Minnelusa Pen Ss Por 2,294 | 2,349] 40 A 
79| Shannon CreU 8 Por 1,600 | 1,700} 40 A 
80} Muddy CreU 8 Por 4,850 | 4,900) 30 A 
81 
82] Sundance Jur 8 Por 2,000 | 2,088} 48 A 
83| Dakota CreU 8 Por 3,808 | 4,008] 95 A 
84| Dakota CreU NS) Por 3,400 | 3,500) 50 A 
85 
86] Frontier CreU $ Por 1,000 | 1,200} 40 AF 
87| Dakota CreU NS] Por 2,400 | 2,500) 55 AF 
88] Frontier CreU ‘$ Por 2,600 | 2,850) 40 A 
89] Mowry-Dakota CreU 8 Por 1,600 | 1,650) 25 A : 
90} Tensleep Pen s Por 4,272 | 4,293) 21 A 
91} Tensleep Pen § Por 3,270 |3,350} 60 A 
92 
93) Tensleep Pen § Por 2,770 | 3,530/100 AF 
94 
95| Frontier CreU 8 Por 700 | 900) 35 AF 
96| Dakota CreU 5 Por 1,500 | 1,600) 50 AF 
97| Embar-Tensleep Per Pen| LS | Cav Por| 3,000 | 4,275/100 A 
98] Madison Mis L Por Cav} 3,600 | 4,726/300 A 
99| Mesaverde CreU NS) Por 2,250 | 3,000) 50 A 
100) Embar-Tensleep Per Pen| LS | Cav Por} 5,669 | 6,049} 50 A 
101 
102} Frontier CreU 8 Por 800 | 1,200/250 A 
103) Embar-Tensleep Per Pen} LS | Cay Por} 3,600 | 4,000/200 A 
104} Greybull CreU Ny} Por 1,000 | 1,050} 20 AF 
105| Embar-Tensleep Per Pen| LS | Cav Por| 2,700 |3,332/130 | A 
106) Frontier CreU 8 Por 1,200 | 1,600) 15 A 
ee ela | te |B aa | 
108) W: Koe ‘or | 
ries L | Cav | 3,730 13,7601 30 | A 


109| Embar Per 
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| Line Number 


Field, County 


TABLE 1.—(Continued) 


OIL AND GAS IN THE ROCKY MOUNTAIN DISTRICT IN 1941 


Area Proved, Acres |Total Oil Production, Bbl. 


To End of 
1941 


During 
1941 


thes ha 
Minnelusa 
Lander (Hudson), Fremont 
Little Buffalo Basin, Park 
Little Grass Creek, Hot Springs 
Little Polecat, Park 
Lost Soldier, Sweetwater 
Frontier 


Maverick Springs, Fremont 
Medicine Bow, Carbon 
Midway, Natrona 


Mule Creek (East), Niobrara 
Mule Creek (West), Niobrara 


Muskrat, Fremont 


Notches, Natrona 

Oil Springs, Carbon 

Oregon Basin, Park 
Dakot 
Embar-Tensleep 

Osage, Weston 

Pilot Butte, Fremont 


Lake, Albany 
Rock Creek, Carbon 
Dakot: 


Tensleep 
Shannon, Natrona 
Shoshone, Park 
Simpson Ridge, Carbon 


Spindle Top, 

Spring Valles . 

‘Teapot (Outside Naval Reserve), Natrona 
beck Creek 


rings, Sie Springs 
ome, Hot Springs 
Wertz, Carbon 


41,265,770 
2,220,576 


9,181,498 
99,121 


22,830,792) 2,213,226 


771,193 


502,998 
3,795,068 
175,886 


476,129 


490,662 
soe 


1,318,078] 114,838 


167,054 


16,377,193 


4,804,398 
2,480 
159,700 
20,101 


20,773,375 


960,543 


298,649,755] 5,086,040 


55,441 0 
63,119 

162,485 0 

3,720,215) 161,934 


22,507 
101,593 


110,741 


254,709 
390,884 
210,069 


3,958,570) 1,712,958 
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TABLE 1.—(Continued) 


Total Gas Produc- Oil-production | Reservoir Pres- 
tion, Millions Number of Oil and/or Gas Wells Methods, End sure, Lb. per Character of Oil 
Cu. Ft. of 1941 8q. In. 
During 1941 End of 1941 Number of Wells 
,. | ToEnd | During | 5. __. | Avg. at Ce 
Poe er a S| | et eel |. Initial | End of | Weighted Average 
g $2 | 8 | 2 | 88/8 | | Flow-| Artificial -8 
Zz ae} 3 3 |3718 S. | ing Lift ET) 
Big a = a 3. |23 a=1>) 
2 fe | & a |8a|(Se/S8 a 5 
ee Sa | 8 | & | 8a1 26/85 Say 
Ne s) iat iee ot iae ois BA 
110 
tt 43.6 
112 308 25 2 187 187 
113 
114 36 0 0 ub val 238 
115 
116 
117 
118 
a 119 
142 8 1 78 78 { Light 32 \ 
Heavy 28.8 
122 st 
123 
124 
125 21 3 6 6 ’ 34.2 
126 - 
127 38 6 33 33 22 
128 14 10 2 10 56.9 
129 3 2 2 32.5 
130 84 42 42 32 
131 
132 
133 5 2 2 16 
134 2 2 
135 
136 58 8 54 54 21.6 
137 
138 538 10 5 280 280 41.6 
139 17 2 5 5 42 
140 19 17 17 32.8 
141 4 3 3 35 
142 
143 78 4 1 58 37 
is : 
5 
146 36 
147 38 
148 2,004 5 1 1,902 1,902 35 
149 35 
150 24 
151 18 | Field abandoned 
153 13 9 Shut in Baad ae 
undand> 
154 || 2 18 18 { Tanches 15.3 
155 sigue Oe O geile 4 a1 
156 050s Ot 2 ee 
157 
158 ) 0 0 2 By) 48.3 
159 35.2 
160 305) 01 0 Wz 0 45.6 
162 2 | Field abandoned 27.2 
163 : 
e 
ie 2a AO 0 13 13 
167 
168 
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TABLE 1.—(Continued) 
SS eee 


F Deepest Zone Tested 
Producing Formation re End of 1941 
Depth, 
Avg. Ft. 
B Depth 
5 Name Age? be ) 2 § A a: Name of — 
E S| = |B |gelge|] 8 
Zz 2 | @ |&e |ed\Eul s 
g A | 8 | BS |Be/S2| & 
a! 1S) a & Q a na 
110| Dakota CreU $ Por 2,820 | 3,665) 65 A 
111} Sundance Jur i) Por 3,500 | 4,100) 65 A 
112| Leo Zone-Minnelusa Pen S ror | 4,900 | 5,630) 60 A 
113 
114| Embar-Tensleep Per Pen} LS |CavPor| 1,300 | 2,750)185 A 
115| Frontier CreU 8 Por ,200 | 1,500|100 A 
116} Frontier CreU i) Por 2,665 | 2,901 A 
117| Frontier CreU 8 Por 3,900 | 4,100) 15 A 
118 
119} (Frontier CreU § Por 175 900/200 AF 
120| ) Dakota-Lakota Cre 8 Por 1,375 | 2,100) 80 AF 
121) Sundance Jur SS) Por 1,875 | 2,100|/300 AF 
122| \ Tensleep Pen 8 Por 3,900 |4,097| 50 AF 
123 
124| Dakota CreU NS) Por 2,170 | 2,300) 30 A 
125] Sundance Jur s Por 2,600 | 2,760/110 A 
126] Tensleep Pen 8 Por 4,600 | 4,760/160 A 
127| Embar Per L Cav 1,450 | 1,700} 50 A 
128] Sundance Jur s Por 5,200 | 5,430/140 A 
129| Frontier-Muddy CreU 8 Por 5,200 |5,250| 60 A 
130 Lakota CreL 8 Por 1,500 | 1,550) 25 
Minnelusa Pen 8 Por 3,170 | 3,180) 10 A 
131 Dakota-Lakota Cre 8 Por 170 | 350] 30 A 
Minnelusa Pen H Fis 2,800 | 2,830) 10 
132 Frontier CreU NS) Por 4,270 | 4,340/150 AF 
Dakota CreU 5 Por 5,306 | 5,320] 60 AF 
133] Tensleep Pen 8 Por 2,800 | 2,850) 40 A 
ae Sundance Jur 8 Por 2,225 | 2,353] 90 A 
5 
136) Dakota CreU 8 Por 1,500 | 1,550) 45 AF 
137| Embar-Tensleep Per Pen| LS |CavPor| 3,500 |3,900)150 AF 
138] Newcastle (Muddy) CreU NI Por 220 | 2,154] 10 ML 
139| Niobrara CreU H Fis 800 |1,000| 15 A 
140} Muddy-Dakota CreU 8 Por 3,260 |3,320) 60 A 
es Dakota CreU 8 Por 3,800 | 3,900] 50 A 
143] Dakota CreU 8 Por 2,600 |3,300)110 A 
uf Sundance Jur 8 Por 3,150 |3,250/100 A 
146] Ist Wall Creek CreU 8 Por | 1,000 | 1,100)100 AF 
147| 2nd Wall Creek CreU 8 Por 1,535 | 2,575| 65 AF 
148| Lakota CreL 8 Por 2,300 | 2,350| 20 AF 
149] Sundance Jur 8 Por 2,750 | 2,875| 70 AF 
150] Tensleep Pen 8 Por 3,970 | 4,180/190 AF 
151} Shannon CreU 8 Por 800 | 900} 75 | MUP 
152| Embar Per L Cav 4,300 | 5,000) 24 A 
153| Quealy CreU 8 Por 625 675) 40 A 
154! Sundance Jur 8 Por 1,400 | 1,425) 35 A 
Tensleep Pen § Por 2,600 | 2,700)150 A 
155| Sundance Jur s Por 1,100 | 1,125} 25 A 
ne Aspen CreU H Fis 400 900} « MC 
158| Wall Creek CreU 8 Por 2,900 | 2,950} 40 AF 
159) Shale CreU H Fis 1,200 | 1,600) =z AF 
160} Mowry CreU SH Por 400 | 600) 50 A 
161| Embar Per L Cav 700 800) 50 A 
A Embar Per L Cav | 3,775 |3,807| 35 A 
164] Frontier CreU 8 Por 2,210 | 2,260) 50 A 
165| Dakota CreU 8 Por 3,500 | 3,550] 50 A 
166| Lakota CreL | 8 Por | 3.700 |3,750/ 40 | A 
167| Sundance Jur 5 Por 4,100 |4,120] 20 A 
168] Tensleep Pen 8 Por | 5,859 | 6,318/300 A 


Oil and Gas Developments in Tennessee in 1941 


By Kenpatt E. Born* 


PRODUCTION of crude oil in Tennessee 
during 1941 was slightly more than 15,000 
bbl., about the same as in the preceding 
year. Two thirds of the total was from the 
Mississippi limestone pools in Scott and 
Morgan Counties. About a dozen small 
scattered wells in Clay, Pickett, and 

- Fentress Counties, pumped irregularly, 
produced approximately 5000 bbl. Natural 
gas was marketed from wells in Morgan 
and Fentress Counties for consumption 
‘in the Sunbright and Jamestown areas, 
respectively. The production by counties 
is shown in Table 1. 


TABLE 1.—Oil Production in Tennessee in 


IQ4I 
Madiber of Production, Bbl. 
County Wells 
Pumped 
* 1940 1941 
SGOuter ates ak eveulss 4 3,596 4,528 
Mongame scm ves 19 5,751 5,670 
Fentress.......... 2 1,5X% 1,8xx 
IDIGKetK hia cect. Ss 2 1,2Xxx 5xx 
(CE gr aie eae ir eee 10 B,00x 2,850 
DEVELOPMENTS 


Drilling activities in the state fell to the 
lowest stage since 1933. Twenty-seven 
wells were spudded in during 1941, of 
which six were drilling or only temporarily 
suspended on Dec. 31, 1941. Of the 22 
completions, four were gas wells of unde- 
termined quantity, but are classed as 
commercial, and 17 were dry or near-dry 
holes. One well encountered oil, but it has 


Published with the permission of the State Geol- 
ogist. Manuscript received at the office of the Institute, 
April 14, 1942. 

* Tennessee Nashville, 
Tennessee, 


Division of Geology, 
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not been tested. The total footage drilled 
during the year was 20,916 ft.; the average 
depth of wells was 1359 ft. The more 
important wildcats are listed in Table 2; 
the distribution of tests according to 
physiographic divisions is given in Table 3. 
East Tennessee —One well was drilled to 
3480 ft. in northwestern Anderson County, 
in the highly disturbed Appalachian area, 
a region long considered the most unfavor- 
able in the state for the accumulation of 
oil and gas. Another test is now drilling 
below 2000 ft. in this general area. 
Cumberland Plateau.—There were two 
completions in the Cumberland Plateau 
area. One test, drilled in northwestern Scott 
County in an area of former Mississippi 
limestone production,! encountered a con- 
siderable amount of free oil at 850 ft., about 
the same horizon as in the old abandoned 
wells. No pumping tests have been made 
to date. A well at Oneida, Scott County, 
found gas at 15709 ft. in a sandy limestone 
of lower Mississippian age. The volume 
was reported doubled by a shot, although 
no open-flow measurement is available. 
Eastern Highland Rim.—Six completions 
on the eastern Highland Rim resulted in 
two small gas wells in Fentress County, 
which will be used to augment the supply 
for Jamestown. The producing horizons 
are shaly limestones of Ordovician (Tren- 
ton) age. Two wells in this area tested the 
upper part of the Knox dolomite group, one 
of which encountered some free oil in a 
sandy dolomite at 1670 to 1681 ft. A 
test high on a well-defined structure in 
Clay County found a considerable amount 


1L. C, Glenn: Tennessee Geol. Survey, Resources. 
(1915) V, 174-194. 
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of heavy, wet gas in the Stones River 
limestones, which produce oil elsewhere in 
the county. The flanks of this structure 
will be drilled in 1942. 


OIL AND GAS DEVELOPMENTS IN TENNESSEE 


Western Valley—Three wells in the 
Western Valley of Tennessee River were 
drilled into the Knox dolomite without 
finding encouraging shows of oil or gas. 


TABLE 2.—Important Wildcat Tests Drilled in Tennessee during 1941 


Total | Surface 
County Location Depth, | Forma- 
Ft. tion 
Bentress jn. Air was 8 mi. W. SW.| 1,884 | M. Mis 
of Jamestown : 
Fentress.........| 3 mi.S.SW.of| 1,219 | M. Mis 
i Smnetae 
Hardtncecrschn onl mi. A 1,500 | Trenton 
aes Goede (Ord) 
Lauderdale....... 5 mi. SW. of] 3,289 | Recent 
Halls ; 
Pickett -|5 mi. SE. of| 1,742 | M. Mis 
Byrdstown 
Ropertsow../.7). . Mma. NT On 874 | M. Mis 
eee ee 
Scott -|5 mi. NW. of 850 | Pen 
Oneida 
Scott .| At Oneida 1,598 | Pen 
Shelby choc ie ok 4 mi. S. of| 2,860 | Recent 
Millington 
Stewart. a.....00 3 mi. NW. of] 1,805 | M. Mis 
Dover 
WADE. seven ciate 2 mi. N. of Clif-| 1,125 | Trenton 
ton (Ord) 


Deepest 
Horizon Drilled by Remarks 
Tested 
Knox Travis Smith et | Oil show in Knox 
(€-Ord) al. 1760-1770 ft. 
Trenton Joe Young Gas well in Trenton at 
(Ord) 825 ft. : 
Knox W. L. Dobie et | Well-defined surface 
(-€-Ord) al. structure 
Knox? Pure Oil Co. Seismograph structure 
(-€-Ord) 
Knox Tennessee Oil & | Old producer at 530 ft. 
(€-Ord) Refining Co. drilled deeper. Oil 
show in Knox at 
1670-1681 ft. 

Sil Leeper Oil Co. | Tested Silurian and 
Devonian on north- 
ern Highland Rim 

Chester A. J. Brown et} Free oil at 850 ft. in 

(Mis) al. Mississippian. To be 
tested 
Osage Oneida Im-| Gas well. Rock pres- 
(Mis) provement Co.| sure 275 lb. 

Igneous Lion Oil Refin- 
(Age?) ing Co. 

Stones River| W. W. Dameron} Tested pre-Knox sec- 
(Ord) et al. tion on northern 

Highland Rim 

Knox Clifton Oil Co. | Well-defined surface 

(-€-Ord) structure 


TABLE 3.—Physiographic Distribution of Wells Drilled in Tennessee in 1941 


Physiographic Division County 
astuT ONnnessee ge’ su: Ps siwrete ayalaca oRiniieiote Anderson 
Cumberland Plategu sone cacc dees seers Scott 
Eastern Highland Rim..:. ..ce.c% «ecseen Clay 

Fentress 
Pickett 
Putnam 
Northern Highland Rim................. Dickson 
Macon 
Robertson 
Stewart 
Contra ISABUt hes wad stuie cetera tote aieeieediane Davidson 
WEST ETTLMEIIEY: scsi ies g/alvione whats telitsci itiea ele Hardin 
—s Wayne 
Mississippi Embayment................. Lauderdale 
Shelby 


Northern Highland Rim.—There were 
seven completions in the northern High- 
land Rim, one of which was a small gas 
well. An 874-ft. well in northern Robertson 
County tested the ‘‘Corniferous” horizons 
productive in Allen and Simpson Counties, 
Kentucky, to the north. The structural 
conditions are unknown. A test in central 
Stewart County was abandoned at 180s ft. 
without reaching the Knox dolomite group. 


In Proven 


Wildcat Fields 


Oil Wells Gas Wells 


HH NHHHWR RRA NR 
coooooooocooooHro 
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oO 
I 
oO 
I 
° 
1) 
oO 
I 
oO 
oO 
o 
oO 
oO 
oO 
0 


Two of these tests were drilled on pro- 
nounced surface structures previously 
mapped by geologists of this division. 
Mississippi Embayment.—A test drilled 
by the Pure Oil Co. on a seismograph high 
in northeast Lauderdale County was 
abandoned at 1389 ft., in Paleozoic rocks 
possibly of Cambro-Ordovician age. No 
shows of oil or gas were encountered. A 
test in northern Shelby County encount- 


—— 
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ered igneous material at 2710 ft. and was 
abandoned at 2860 ft. The samples consist 
of quartz, alkali feldspar, and abundant 
hornblende. 


LEASING 


There was little leasing activity in the 
state during the year. In the Cumberland 


Plateau area several sizable blocks of 
acreage were renewed by one of the major 
oil companies. In Middle Tennessee a few 
blocks were assembled, largely by local 
capital. There was no significant leasing 
in the Mississippi Embayment area, 
although there were renewals, some by 
the major companies, 


Development and Production in East and East Central Texas 
in 1941 


By D. V. Carter,* AND Dan C. WIttiams, JR.* 


Tue four new oil-field discoveries made 
in the East and East Central Texas dis- 
tricts during 1941 were the East Long Lake 
field, Anderson County; Pickering field, 
Shelby County; Pleasant Grove field, Rusk 
County, and Tri-Cities field, Henderson 
County. The discovery of oil production 
in the Pettit lime of the Lower Glen Rose 
was made in the Groesbeck (Barron) field 
in Limestone County and the Willow 
Springs field in Gregg County. Important 
extensions were made to the Pittsburg field, 
in Camp County, the Chapel Hill field, in 
Smith County, and the Hawkins field, 
in Wood County. The Hawkins field was 
extended sufficiently to more than double 
the number of proved surface acres. As 
usual the East Texas field led the district 
in the number of completions for the year. 
The second most active field during the 
year was the Hawkins field, with 250 new 
wells completed. The third most active 
was the Long Lake field, in which 50 wells 
were completed. Approximately 964 wells 
were completed in the district during 1941. 


PRODUCTION AND PRORATION 


The district is credited with having pro- 
duced 163,566,695 bbl. of oil and distillate 
during the year. This represents a decrease 
of 4 per cent from the 170,424,685 bbl. of 
oil and distillate produced during the pre- 
ceding year. The production of 130,378,620 
bbl. of oil and distillate from the East 


Manuscript received at the office of the Institute 
April 22, 1942. 
_ *Chief Petroleum Engineer and Petroleum Eng- 
et respectively, Magnolia Petroleum Co., Dallas, 
exas. 


Texas field represents 79.7 per cent of the 
total production of the district; that is, 
6.3 per cent less than the production for the 
year 1940. The district had an estimated 
basic daily allowable of 614,982 bbl. of 
oil on Dec. 31. Approximately 33 per cent 
of the state’s annual production was pro- 
duced in the district, compared with 34.9 
per cent for 1940. 

Since the majority of the fields in this 
district are subject to proration, any 
change in the annual production is at- 
tributable largely to changes in proration 
schedules and number of shutdown days. 
Fields subject to shutdown days were 
closed in for 113 days during the year, with 
the exception of the East Texas field, which 
was shut down 111 days. 

An order was promulgated by the Oil 
and Gas Division of the Texas Railroad 
Commission for encouraging the disposal 
of salt water and reservoir-pressure main- 
tenance in the East Texas field. 


DISCOVERIES 


Tex Harvey Oil Company’s No. 1S. E. J. 


Cartmel was completed as the discovery 
well for the East Long Lake field, Anderson 
County. Production was found in the 
Woodbine sand, the horizon from which 
the Long Lake field produces. 

The Pickering field, Shelby County, 
secures its production from the Nacatoch 
sand, found at an approximate depth of 
1510 ft., in A. E, McKiernan’s No. 1, 
Pickering Lumbering Co. This field is in 
an area near the state line in which a 
number of relatively unimportant and 
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D. V. CARTER AND DAN C. WILLIAMS, JR. 


TABLE 1.—Oil and Gas Production in East and East Central Texas 


oe a Ee ERE IT RRP eT eae Oe 


Arca Proved, 


Total Oil Production, Bbl. 


+ Footnotes to column heads and explanation of symbols are given on page 250. 


1 Distillate field. 


Acres 
: Year 
Field, County of Dis- 
E: covery 
< Oil Gas’ | To End of 1941 | During 1941 
Zz 
s 
3 
HPD ArLGneD ineslone./ ase. Lee yin t,o cae deseo 1939 0 Qyy 2,140 1,414 
PIPE AMOULOMNNATT QO. - ste nek Oe ee Sei Cowon 1939 100 156,592 49,627 
3| Boggy Creek, Anderson, Cherokee.......0....-000ccceeceeeee 1927 960 0 5,040,590 75,404 
PU MIS UMM CNLON ratte wre keene th yew. Nasties Sees 1937 600 200 ,928 2,142 
5) Bosque, South, McLennan........0..seccsaccsccteccseavers 1902 2,500 0 110,245 4,297 
Ty ESTE IY By IT ep aie tear as 1934 10 | 7,500 { i 7200 \ 
HIMBATAUAGCES RE NOIG: GA vivsiy saree kak « ohn de ones riea ae e g 1936 0 | 2,450y 152,504 70,973 
8] Cayuga,? Anderson, Henderson, Freestone. ...............000- 1934 4,000 | 9,000 { Bieri 4 cee \ 
9| Cayuga (Trinity),2 Anderson, Henderson, Freestone............| 1938 40 y { ew ee \ 
i SE a ee 1938 | 2,600 | 6,000 { bye ee ee \ 
11} Collinsville, Grayson 1938 100 0 31,380 4,448 
ZO St NCR CLIN GUGTN OW o<.cyorsie  ohias a « suklowies siete .eseerelerale’s » 1895 6,710 y 14,451,997 142,576 
ERC RIN UCTHO eer rstceviaisiace «Mista a avon tire eve dra shale ule events dts ahdio teks 1921 475 y 6,903,385 35,176 
14| East Texas,2 Cherokee, Gregg, Rusk, Smith, Upshur............| 1930 | 136,000 | 2,000 Fi Pies oe iatarens \ 
Da EAA COT TeRer SON: ciacccivelelbMsiaias Sore chee wie <b elaiciels je c eseieneleale 1937 405 0 487,911 74,593 
HG Ginter ANGELO =e es atte iassie se ele vie colt es eminence since: 1936 60 0 31,602 6,676 
AG Crres POL ANG 20H OUSLON eyo aarevcaat eotts ie. ays 4) Fine. ne ned nee ths ee one 1936 30 | 6,000y { Stas Sey \ 
1913 y | 2,360y 0 0 
ASI noes DEC KVEANIESLONEEG oss <a deeds varscacatets a claeles Nols ve cmicin es 1924 y 60y y 0 
1941 10 0 143 143 
Wee W op bam. i addy. oh ess the oasis 1940 | 8,200 2504 { aston bese 
20) emby. (Elkhart)? Anderson...22....20cs000.s0cceserscerns 1938 0 lyy 3,969 502 
A AUNtNEtON, ANGEING.....csice Visas 2 eee anise ces anode aioe ea» 1936 100 0 12,921 1,202 
£2 MAO AUIATA 1! O5 8 ELOY a arajese <csaitte.ceavaieietevarealelasolh«iesjvlalsle eee ateyd 1931 0 6yyy 101,975C 36,279C 
Biplboner tary Cer OCG: mean craps s/s ieie erie cise sins oe eye oes 1938 100 y - od ; ae ae 
24| Long Lake,? Anderson, Freestone, Leon.......-...20+00+00-005 1933 | 10,000 y { re 485.85 4 1'269°395 \ 
phone Lake, Mast;-Anderson.. vue. ocuss sncas ccs senses s ae des 1941 300 y 1,992 51,992 
DE ges the VIRTUE or iat CNR Sak OORT CeO Cr Me Se 1937 Byy 0 30,769 3,492 
27| Marion County (Shallow). 1939 670 L 226,114 103,202 
28} Mexia, Limestone.......... 1920 3,920 y 97,827,830 ; 576,993 
29| Nacogdoches, Nacogdoches.......... 1865 1,000y 0 Say 6 1 
30| Navarro Crossing,? Houston 1938 | 1,040 | 2,410 { 591,854 185,534 \ 
31] Nigger Creek, Limestone............-.-+0+++0+- SEE ASE eae 1926 170 y 2,999,466 a 
cus ae CEE ee ee ne oe 1939 80 | 1,000 { is ‘ 
; 1,583,706C 1,422,781C 
Sai Opelikase LendensOtar a...) namo aaicls oar « eimsiet 2d hy, vieVolsi vin 1937 a | 7,000y { 19'314 41 
20,344 11,112 
Sal Panolal (Bethany) ;22> Panola... ec oso en o- cacti caeness 1921 60 | 23,000y 57,890 7109 
IP plPareilan FOUSLON .1a  cletaie 2c. 1= aislovei\s sis vie eis o\e/ecels e\e s'e\elee eleielesis 1937 lyy y 29,551 0 
BG Pickering, SHEDY:.. oi. <2 01 = onl ove eee ewitieein sees wicinge lees 1941 20 0 797 797 


2 Oil and distillate field. Upper figure distillate production; lower figure oil production. C indicates cycling plant. 


5 Includes Hull and Pulaski Ferry. 


6 Includes Mildred, Angus-Edens, Hodge, Burk-Rice, Oil Ridge and Old Powell shallow. 


7 Includes North rie. 


10 Woodbine gas area only. Sub-Clarksyille probably covers at least one half of entire field. 


15 Field extends into Louisiana. ‘ 
16 Includes production from Chireno and Jennings fields. 
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TABLE 1.—(Continued) 


‘ * Oil-production Res ir Pr Character 
Total Gas Production, . Methods, ervoir Pressure, C 
Millions Cu. Ft. Number of Oil and/or Gas Wells Sipe te Lb. per Sq. In. of 
3. 
B 
During End of 1941 Number of 3 
1941 Wells & Gravity j 
g| toEnd | During | pleted tnitiat | Beat | 2 | 60R 
o En ing | plete > niti nd oj g yf., 
=| of 1941 1941 | toEnd|] y | B |'5 E be Bal 5 1941 | ‘5 | Weighted) 2 
2 of 1941] & | § Phe 2 3 we | 3 verage Fis) : 
2 #| 2|f2| 32 |33| — | se Es £5 
3 & |< a2] &° |E°| m | 24 Ee ax 
pare, alee . 
1) 1,361 973 5 2| o| 0 o| 5 o| o| 2,310 | 1,975 61.0 
2 z z 8 0| o| o 7| 0 6 1} 1;300y y 42.0 4 
3 z z 33 o0| of o 17] 0 0} 17] 1,680y y 38.5 
4 2 2 10 a es 1| 3 0 1 y y 40.2 4 
5 z x boy | 0} O| 3 49 | 0 tad Pee ae hy = 41.0 
6| 6s | 1420 | 10 | of 1] 1 0} 9 of of Sa +) aon 27} 
55.5 
7| 8,807 | 4,200 re Ba OlieG 0 | ity 0 0 y y 64.7 
s| 90,167 | 23,225 | 332 | 16] 3] 0 281 | 51 150| 131| 1,750 | 1,362 | PM A 
9} 20,258 3,779 6 Pale Tle 1 0 y y |PM 54.0 
2,900 y 74.7 
10/ 9,044 | 4,984 24 | 12} 0] 0 15 | 9 14 y y 62.8 
y y 43.0 
1 z 2 2 0} 0] 0 2| 0 o| 62 y y 29.3 
12 z z |2041y | 0} 11] 0 616 | 0 o| 616 y y 27.5 
13 x x 55y 1 0; 0 14 0 0 14 y y 40.5 
14] 646,1768 | 49,5228 |27,379 | 475 | 578 |260y | 26,078 | 5 | 17,666] 8,152] 1,620 | 1,026 Fe 
15 2 2 g9-Vi le ms ne | 0 o| 1] 1,304 y { aa 
16 x z 4 0 0] 0 4 0 0 4 y y 20.9 
17} 19,518 | 16,160 39. | 15) 0] 0 1 | 31 1} o| 2,200 | 2,100 | PM (fe \ 
18 11,800y y 30y 0 0; 0 0-| 2 0 0 275 7] Gas 
x z 5 On|) moult O ones Oj 01) = 875 y Gas 
& x 1 1 04 Ol 1 0 1 0 y 7] 35.7 
y y 
19 454 454 | 251" | 250] of 1 247 | 3u| 249 5 { 19080 1o3f } 15-304 | 1.6 
20] ‘1,147 72 2 | anon ed o| 1 o| =o | 2200 y 59.2 
21 « z 12 0 1] 0 1 0 1 y y 23.6 
22} 20,659 | 10,413 24 o| o| 7 o| 7 o| =o | -2,550 { ia 
23 2 Ps 3 On| PeteieG 1] 0 0 1] 1,375 y 35.0 
24} 67,700 | 14,003 | 224 | 50| o| 3 140 | 83 121) 19] 2440 | 2,192 | PM she \ 
25 x P nu | mu] of] o u| o ul 0 y y 43.0 
26 x x 4 0 2/ 0 3 0 0 3 y y 29.3 
27 t x 44 Diet atl at 38 | 0 o| 38 y y 40.0 
28 x en SB78y |vil.| 820 217 | 0 5] 212 y y 35.0 
29 x x boy | O| 1] 0 39 | 0 o| 39 y y 23.0 
30} 5,029 5 30 ah ae 21| 2 21 0} 2,700y | 2,600 {38 \ 
31 2 2 75 Cele civil feast ve Ne 0 1 y y 40.0 
32 51 0 6 | o| o| 2 re ie oo 60 y y {s80 \ 
| 3,250 y 58.7 
33} 12,086 | 9,251 it aca tes 4 [ud o| =o { a y He 
34) 152,031 | 1,768 | 352 | 1] 0| 0 4y | 83y o) ay) oy y i, \ 
35 744 0 2 Ol 1} 0 0| 0 0 0 y y 41.0 
36 x x 1 Melee (OF fms 1| 0 0 1 y y 40.0 
3 South dome. 
4 North dome. 


8 Includes estimate of gas produced with oil and gas produced from gas wells. 


9 poe sand, 

11 Tneludes three gas wells producing from Sub-Clarksville. 
12 Corrected to 4075 ft. subsea. 

13 Nov. 15, 1941. 

4 Field shows marked gravity segregation. 

17 Gas wells. 

1€ May 1, 1941. 
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Producing Formation 


Deepest Zone Tested 


to End of 1941 
Depth, Avg. Ft. 
3 Net Depth 
5 Name Age® — Bot Thickness, | Structure* Name of 
g Rewer top. feed Ave, Fs. Hole, 
> 8 te) Prod. | toms Ft. 
4 a |g | Bot | Bot 
5 | 5 Wells 
Lama oO AY 
1) L. Glen Rose CreL L y 5,584 | 5,611 25 AF Travis Peak 6,051 
2| Woodbine CreU S |21-25 2,992 | 3,008 15 AF Woodbine 3,008 
3] Woodbine CreU 8 |25 3,632 | 3,666 34 Ds Fredricksburg 4,648 
4| Cisco Pen §,L y 1,630 | 1,683 25 AF Ellenburger 2,530 
5] Basal Walnut CreL iL y 450 475 3 AF Trinity 1,800y 
Fenooehine cred | 8 | 20 |{ 5385 |Sioue | aa D_ | Cre (Washita) 6,300 
L. Glen Rose OL | 18-21 4,984 | 5,040 20 MC 
7| L. Glen Rose ; CreL L 23 5,930 | 5,940 10 D Travis Peak 6,019 
L. Glen Rose (Pettit) OL y 5,825 | 5,905 y MC 
8| Woodbine Cred | 8 | 25° | 3,080 [3,758 |{ Git t| AF | Trinity 9,085 
9] L. Glen Rose CreL L 20 7,412 | 7,612 10 AF Trinity 7,614 
Paluxy 8 21 5,600 | 5,700 50y 
- 10) L. Glen Rose Rodesss) CreL 1 OL ]10-18 7,400 | 7,500 25y A Travis Peak 8,600 

L. Glen Rose (Pettit) OL 8,000 | 8,100 24y 
11| Strawn Pen $ y 3,848 | 4,219 20 ML Strawn 4,219 
12| Nacatoch Corsicana (Wolf ’ 

City) | CreU s y 800 | 1,260 | 12-20 AF Woodbine 3,570 
13) Woodbine CreU ) 22 2,930 | 2,990 20 AF Woodbine 3,646 
14) Woodbine CreU 8 25 3,632 | 3,665 35 Shoreline | Paluxy 5,020 
15| Woodbine CreU 8 |21-25 3,050 | 3,075 5 AF Travis Peak 6,518 
16] Carrizo Eoc 8 y 2,186 | 2,200 10 ML Wilcox 2,265 
17} Woodbine CreU iS] 25 5,976 | 6,083 25 A Woodbine 6,300 
18) pinion CreU 8 25.5 710y| 750y| 40y AF ‘ 

Woodbin CreU 8 20 2,945 | 2,960 15 AF Woodbine ; 3,208 
: = Glen Rose (Pettit) CreL L y ed ree 6 Ye AF L. Glen Rose (Pettit) | 5,796 

9} Su ar. e y : as ] 

Woodbine CreU 8 io {2300 4'350 {Oil 100, | AES) Pala, 6,535 
20| Woodbine CreU 8 25 5,409 | 5,422 y Woodbine 5,487 
21 gee ove — s y ea i ML Mount Selman 1,490 
22) U. Glen e Te. ; ' 

L. Glen Rose on} Lye { 5070 15138 | 30 \ Die) bleh Rove 5,138 
23| Woodbine CreU 8 y 4,006 | 4,010 ao oe Af Woodbine sae 
24] Woodbine cru =| 8 | 25 | 5,70 [5260 /{ 62°24 1} a | Trinity seh 
25) Woodbine CreU S 24 5,335 | 5,385 8 D Woodbine 5,417 
26 Buda, v. Washita CreL DL y 1,250 | 1,275 10 Af Edwards 1,500 
27| Tokio — CreU s y 2,336 | 2,346 10 A Tokio 2,346 
28| Woodbine CreU S$ 25 3,000 | 3,085 50 AF CreL or older 8,847 
29| Weches Eoe SH y mo : ae 4 v a ML CreL 5,484 
30| Woodbine CreU 8 | 22 { 5874 5,895 | Oil 7} Af-D eau 5,968 
31] Woodbine CreU ) 25 2,820 | 2,870 15 AF Woodbine \ 3,509 
32] Woodbine CreU § y 5,838 | 5,841 3 D Woodbine 5,913 

L. Glen Rose (Rod . 8,170 | 8,180) ; 

33 ue at nae essa) CreL LS |18-20 { 7195 |8.028,| 4° AF L. Glen Rose (Pettit) | 9,740 
34| Varioust® {GeV su} y | 1100 }6,700] 40 ae Bee 11,303 

: 8 5,665 |5,670 | 5 A reL (Del Rio 6,634 
a Loe ou § 5 1,475 | 1,510 20 ML Washita 3,343 


ee ee 
19 Nacatoch 1100 ft., gas; Buckrang 1700, oil; Barlow 2300, gas; Adams 2650, gas; Tiller (Paluxy) 2300, gas; Werner 3600, gas; 
Jeter (Glen Rose) 5700, gas; Pettit, gas. 
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TABLE 1.—(Continued) 


Area Proved, 


‘A Total Oil Production, Bbl. 
cres 
Year 
Field, County of Dis- 
covery 
3 Oil Gas’ | To End of 1941 | During 1941 
g 
Z 
g 
3 
87) Pittebnarg, Cath piece eo sear cele te ce es 1940 | 560 0 47,106 35,876 
88| (Pleasant Grove, Buwusha-ettas ieotieece.o1s oele s.«.olein cimtatars ate/oiete wines 1941 50 0 18,105 18,105 
39|\Post:Oak (Chilton) oF allay te o.5 ac: <onltric:s(e-ae1s/0: «ersictore iopsistniaisina 1922 lyy 0 178,760 573 
40\"Potter'( Caddo) 25 Marton sacs. icess,- occ ole dle sieccfatsie.n ee esiete'e o's 1905 980 0 7,679,730 28,630 
All) Pottsbox0: Graysonaats- ciive cw acct tes esses" cle ee tere aisles we 1928 20 lyyy 10,865 1,208 
42) Powell: Navarr0s Ae: ita sas te eee bese ac. ose tee 1923 2,600 y 111,186,487 585,304 
Go| Ted uake:?/Megestone em. rattiate sersiagt eecyste ee eis otsla! ve sities cians 1934 0| 38yyy ee ie \ 
44) Richlands NAW hicccl. oa.s. chorea cial talele ahve eee aii « 1924 440 y 6,656,626 15,722 
Abl odessa, \(Dees-Young), Cdeeirs cc. oi ses are elinuy oan es «res 1935 5,010 | 3,250 28,102,671 2,376,135 
46 (Glova SEM Gr ioneo nti isto vertices octets is caatre oe ape eran 1937 4,035 | 10,150 10,547,620 1,701,893 
47 (Gloyd) :Cassbinen Nam onaree ects ove witrsevetiasine catia sateen 1936 1,885 | 10,150 8,707,942 7,785 
48 ED GG eaLBiS5 2) orci ors hye ies ra Vosonyare astior sts urcleva vekctapite 6's ok Rietoie tase 10,930 | 23,550 48 "358,23321 4,775,81321 
49] Rowe and Baker, Henderson............0¢cecceeceeeeeveees 1939 80 0 73,944 23,931 
HO) Shelbyville Shelbgen cae cae cieaes sje gus curcaReaee een 1917 50 0 13,611 35 
51) Sulphur Bluff, Hepine a AERTS cer OIA SAP OAC 1936 855 0 8,037,675 1,579,204 
G2 Taleo, Ian s Uiluss ccsaplere cide sieicoa ale wiewialeice eierelaleler 1936 7,850 0 48,123,783 9,032,391 
53] Tehuacana, Liiestone Wee ee ey OE ee 1940 60 0 27,524 18,394 
64 Tri-Citiess i) ender sotecitus cscs nite oe kos v ose aan ohcleen ae 1941 y 160y 5,939 5,939 
Bb Trinity Houston es sons dake ce oes cicaine ya, ceth oc. ele bs OctNepein viele 1934 280 0 1,755,632 137,086 
56l\Vanudeep) Van Zandt fash .nss vse ccs cocoate lacwmcdeeee 1929 4,520 60 1291535, 480 3,669,738 
57| Van (shallow), VG. Lands sak foeis hocks eS ee coe Nero 1933 200 0 311,712 21,553 
58 MOLD Ae asthe taksterncetencasaigt Saiare ec egies pea wiek cele tee 4,720 60 129,847,192 3 691,291 
136,538 63,312 
Al Wasknan. 4 Herteg ees oities oor och eee eeebie 1924 | 1,500 | 6,000 { Se ryt \ 
fs 48,030 31,685 
60} Willow Springs? Greggs. tals sie. <0: cfeiev is nie. cle wia.d'o. 0 Cele dneaiee te 1938 40 { 2,065 2,065 } 
BL Wortham,*4 Freestone ats tn cca tar sicisls « ¢ duietcaren cereale es 1924 715 0 22,771,643 161,284 
9,136,598 4,606 337 
liad Cre SCR ELT OO OREO ERE AT EAM TS ode! { gat rereloy | 1sseeraee 
ABANDONED Fieips 
Year 
Dis- | Year 
covery} Abd. 
63] Beulah (Lee-Tex), Angelina...........0ccccccuuceues 1985 | 1935 10 0 750 0 
64| Camo Hill, Ander sors vrstas ace. :scicscesee Cememultoaes 19385 1937 200 0 289,030 0 
65] Cedar Creek, BAmestone set, vest osc eiminen ee meer Gs 1927 | 1930 30 0 330,600 0 
OGWCHAtHEld UN ano coat Acc anayn bites erat CM 1905 1910 0 150 0 0 
67 DeBerry, PP OWMG ss aris stain oe «ona Ule.« hi oon hao 1926 1932 100 50 29,166y 0 
GS ICOSSG, LAMCRONO sas sre vivie tee sRieicey sabe wae ald RuMead ae 1922 | 1922 10 0 33,000 0 
(69) Marlin-Sating Fala .S Cos ass etana eile saeuuasows ben 1931 1939 10 0 12,830 0 
70| Mexia (Shallow), Limestone... ........00.00.ccceeeue 1912 | 1920y 0} 4,094 0 0 
71 MountiCalm Hull. ottas snc ctrden tse eda 1929 | 1931 Pe z 27,991 Cm 
72| Redland, Angelina boat Venn Gres cohWem vateneret tow Ae 1939 1940 10 0 60 0 
73| Rusk, Cherokee Me SOC ICER Rida atin pil oe patcataick a 1934 1939 200 0 261,134 0 
ts Tacoma, Boag PO Tas oo ine Pedie ONE EW Ee 18 40 0 15,750 0 
itherspoon-McKie, Navarro. .........0..6..0c eens 935 400 0 810,4 
76 Total Abandoned Fields........................ 1,8 10/808 0 
Grand Lotal iegniacptewas ieee satncieccet contains te { 9,136,598 606,337 
i cee oe 2,254°578,616y | \158'960'358 


20 Includes shallow production discovered and Be roduced ise al in the Powell Woodbine producing area. 
roduction. 


21 Production by horizons estimated. Includes distillate 
24 Wortham Shallow discovered in 1912 included with 


ortham, 


ae 
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TABLE 1.—(Continued) 
a re ee Oe ne a Os PN ee en Fa Be. 


Oil-production 
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Total Gas Production F ‘ 
se , Number of Oil Reservoir Pressure, Character 
Millions Cu. Ft. umber of Oil and/or Gas Wells aera Lb. per Sq. In. of Oil 
3s 
[=| 
During End of 1941 Number of 3 
1941 ; Wells 5 F 
2 ons en vie rc Plat 
To End Durin leted wife Nee ate 
&| of 1041 | isdi- | fomnd| gy | 8 |ZE| wo Eatin) Hid Of 9) ay 6 Es 
iS) of 1941 2 S a8 a a a oI 1941 5 | Weighted! .& 
ra al 3 Seem line gs, a ‘Ss A | Average Fis) 
g 2 eel ge |e] & |) Se a Ae 
4 S| 4 je7| &° |éo] = | 2A a am 
37 x x 4 3 0| 0 4] 0 3 1] 3,408 y 42.3 
38 x x 5 5 0; 0 5 0 4 1 y y 40.0 
39 x x 26y 0 010. 1 0 0 di y y 33.0 
40 Ly x 78y 12 rs 2 28 0 0 26 y y 40.0 
41 x x 15 0 0; O 1 0 0 1 300 y 38.8 
42 * ae 764 mu 1 0 146 0 0 146 800y y 37.8 
43 1,945 111 3 0 0; 0 0 2 0 0} 1,855 1,780 y 
44 s ae ibe) 3 2 0 4 0 0 4 y 38.4 
45 99,926 11,405 278 0 0 | 33 231 9 46 185 2,700 850 43.2 
46 36,380 7,999 165 0 3 1 144 | 17 118 26 2,677 1,300 42.0 
47 34,749 5,024 72 0 3 2 57 4 29 28 2,700 615 RP} 42.0 
48] 171,055 24,428 515 0 6 | 36 432 | 30 193} 239 
a x 4 0 1 1 3 0 0 2 y y en 
50 y y 2 0 1 0 0 0 0 0 y y 37.0 
51 0 0 73 0 0}; 0 73 0 3 70 | 1,900 y 22.4 
52 y y 818 47 | 14] 5 752 0 AT 785! 920 y 20.6 
53 x x 8 0 0| 0 3 0 0 3 y 21.0 
54 84y 84y 1 uA 0 0 1 0 1 0 3,650 3,650 59.6 
55 y y 20 0 0 0 15 0 0 15 870 24.0 
56 y y 581 4 2 3 56122) 2 335 226 1,230y | 1,10028 34.0 
57 y y 39 1 3 2 28 0 0 28 y 638 31.0 
58 y y 620 5 5 5 589 2 335 254 
y y y 
59| 106,957 7,176 245 5 y| 6 19 |223 0 17 1 2,040 61.8 
2,334 2,212 59.5 
y 
60 4,319 2,968 8 4 0 0 1 5 0 il 2,950 2,600 PM \si.9 
61 2 = | 339 | 15| 0| 2 32| 0 o| 30 y y he 
62] 1,357,668y | 175,896 |36,310y | 964 | 654 |342y | 29,934y |583y | 18,795 10,866 
ABANDONED Fimips 
63 0 1 0 200y x 24.0 
64 y 10y 0 1,950 x 40.6 
65 y 14 0 x x 37.0 
66 4,750 15 0 250 z Gas 
67 o 22 0 757 cis 46.0 
68 0 1 0 # ¢. 32.0 
69 0 2 0 x x 34.2 
70 20,200y 50y 0 276 fy Gas 
71 z 2 0 x @ 31.3 
72 0 1 0 z x 23.0 
73 0 5 0 x x 42.0 
76 24,950 211 0 
77| 1,382,618y | 175,896 |36,52ly | 964 | 654 |342y | 29,934y |583y 18,795 | 10,866 
[ 


22 Three wells producing from Sub-Clarksville. 


23 Brown sand. 
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TABLE 1.—(Continued) 
ne ee 


Deepest Zone Tested 
Producing Formation °C End of 1941 
Depth, Avg. Ft. 
g Think Structure* N: it 
¢ ckness, cture’ ame 
=} Name Age 3 Ls Top Bot- | Avg. Ft. — 
5 6 > Prod. | toms . 
z 3 3 y Prod 
g 3 g one Wells 
Ww oOo Ay 
37| Travis Peak CreL § {12-19 7,948 | 8,200 62 A Travis Peak 8,203 
4,277 
38] Woodbine cet | 8 | 20 | 4055-14003] 5. |} gaultiand)| Woodbine 2 
39] Buda CreL L y 1,025 | 1,046 10 AF Trinity 3,567 
40] Nacatoch-Tokio Creu | 8 | 20 1{ 5900 |o%681 abt A | CreU, (Tokio) 2,366 
41] Trinity (Basal) CreL 8 y 830 | 838 8 MU Ordovician, or Older | 6,004 
42] Woodbine CreU S | 25 | 2,925 |3,000} 40 AF | Trinity 6,506 
43] Woodbine CreU 8 20 4,850 | 4,950 25 AF Woodbine 5,002 
44| Woodbine CreU s 25 2,975 | 3,040 20 AF Glen Rose 5,414 
45] L. Glen Rose (Dees-Young) | CreL L 17 5,794 | 6,040 25 AF 
acer ery (eee (at. | | SEIS) | 
Gyre ee - : ge Salt, CreL, or Older | 11,484 
49| Woodbine CreU iS) 2 3,140 |3,149 6 AF Woodbine 3,149 
50] Blossom CreU §,L y 2,690 | 2,700 10 ML Georgetown 3,400 
51) Paluxy CreL 8 25 4,487 | 4,523 36 AF Glen 6,600 
52| Paluxy CreL 8 20 4,200 | 4,300 35 AF Glen Rose 5,903 
53] Woodbine CreU 8 y 2,640 | 2,700 10 AF Georgetown 2,825 
54] L. Glen Rose (Rodessa) CreL L y 7,608 | 7,641 20y A Travis Peak 8,474 
55] Carrizo Eoc 8 y 1,995 | 2,013 10 Ds Salt dome material 3,855 
56] Woodbine CreU S) y 2,682 |2,950 | 268 AF 
57) Nacatoch CreU § y 1,200 | 1,220 20 AF ; 
58 Travis Peak 7,501 
59] Nacatoch, Blossom, Glen Ls y ; 
Rose, Travis Peak CreU . “ods 800 | 6,160 15-40 A Travis Peak 6,340 
60] L. Glen Rose fRodesta) y 6,768 | 6,770 | Gas 2y 
L. Glen Rose (Pettit) CreL OL y 7,244 | 7,268 | Gas 35y D Cotton Valley 10,284 
aeeee oe roan er mites 
acatoc y a 
Woodbine \ CreU 8 iat 2'990 13/050 | 35 AF \ Glen Rose 4,825 
62 
ABANDONED Fieips 
63] Queen City | oc x 2,045 | 2,053 2,324 
64| Sub-Clarksville, (Eagle 
; Woodbine CreU 8,SH| y 5,054 | 5,059 8,383 
65] Woodbine CreU 8 25 2,885 | 2,940 3,310 
66] Corsicana (Wolf City) CreU 8 x 880 | 1,020 3,057 
67] Blossom CreU 8,H y 1,990 | 2,087 2,125 
68] Unknown £ xz | 3,767 6,056 
69] Buda CreL L 20 1,000 | 1,160 1,409 
70| Nacatoch CreU 8 25.5 710y| 750y CreL or older 8,845 
71} Austin CreU Cc x 607 | 7 Travis Peak 3,398 
72| Wilcox Eoe 8 y 1,021 | 1,032 Wilcox 1,032 
73| Woodbine CreU 8 20 5,120 | 5,125 Woodbine 5,302 
74| Blossom CreU 8 7] 2,073 | 2,085 Blossom 2,302 
by Nacatoch CreU 8 14 825 | 875 Woodbine 3,480 


my AE ON 


~~ 


e. 
ee ee 


D. V.,. CARTER AND DAN C. WILLIAMS, JR. 


comparatively shallow oil fields have been 


discovered. 


The Pleasant Grove field, in southwest 
Rusk County, produces on the upthrown 


completed in the ‘‘Rodessa”’ limestone of 
the Lower Glen Rose, as the discovery 
well for the Tri-Cities field. 


The three most important extensions ~ 
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Fic. 1.—LOCATION OF OIL AND GAS FIELDS, East AND East CENTRAL TEXAS. 
(Texas Railroad Commission Districts 5 and 6) 


side of a fault from the Woodbine sand, 


which pinches out to the east. 
British American Oil Company’s No. 1 
M. G. Young, Henderson County, was 


to the existing oil and gas fields in this 
district during the year were made to the 
Hawkins, Chapel Hill and Pittsburg fields. 
The size of the Hawkins field increased 
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from 4000 to 8200 surface acres and at the 
end of the year approximately 247 oil 
_ wells were producing in the field, of which 
242 wells were flowing. This field, as defined 
late in 1941, is almost circular in shape, 
with a slight elliptical bulge, the long axis 
of which extends in a northeast and south- 
west direction. Further development dur- 
ing 1941 revealed the presence of a major 
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fault in the southeast quarter of the field, 
parallel to the long axis with the upthrown 
side on the east. This condition has resulted 
in the drilling of numerous oil wells in an 
area that would have been located struc- 
turally low had it not been for the presence 
of the fault. In the immediate vicinity of 
the fault the net oil-saturated thickness 
of the Woodbine sand is severely reduced. 


TABLE 2.—Summary of Drilling Operations in East and East Central Texas 


Discoveries, Extensions, and Important Wildcats Drilled during 1941 


Produci 
CStaky Drilled By ee Survey Foskaen 
“A ndergOn canenvsacteanteenn he Tex Harvey 1,8. E. J. Cartmel E. Ewing Woodbine 
IUDs a sie sete nine Moone Talco thephall and Ref. Co. 1, Shell-McKenzie L, Williams ravis Peak 
Grogan roma wee caobe re Humble Oil and Ref. Co. 2, Horton-Dickson H. Frost Pettit 
tons Star Gasoline Co. & Rogers | 1, Horton-Dickson J. L. T. Meredith L Glen rae 
acy essa, 
Henderson tern erinestons seis British American Oil Co, 1, M. G. Young J. Rice L. Glen Rose 
(Rodessa) 
Hopking te etctas eee ane ee ice & Talco Asphalt | 1,5. M. Long U. Acquier 
. Co. 
Limestone..................- B. F. Weekly et al. A-2, W. C. Barron E. Mabry Pettit 
Farrel Drilling Co. i JR. Gilliam J. S. Spencer 
Red Rivers vies may setae Magnolia Petr. Co. 1, J. N. Henry < ek PRR. 
3 0. 10: 
ROSE ta scnert optnen ote ears M. D. Bryant 1, L. H. Evans G. May Woodbine 
O. W. Killam 1, E. Bass J. I. Sanchez 
Bhelby: 260 weenie nos hou Pty Vaughn. . 1, Frost Lumber Co. J. Buckley 
A. E. McKiernan — 1, Pickering Lumber Co. | G. H. Patterson Nacatoch 
Wood. .| Humble 1, E. Dagnell W. Parker Sub-Clarksville 
Sells Petr. Co. 1, J. L. Beckman G. W. Cowan 
Discoveries, Extensions, and Important Wildcats Drilled during 1941 
Initia] Production Pressure, Lb. 
Depth per Day (eee per Sq. In. 
Com- | Total Deepest Bean, 
pleted, | Depth,| Horizon Ponce ctrine Remarks 
Ft. Ft. Tested Oil. U.S Gas, Mil- | of an Inch 
hi" | lions Cu. Casing | Tubing 
Bbl. Ft 
5,387 | 5,387 | Woodbine 365.25 1.560 4 1,925 1,560 | Discovery well, Long Lake, East field 
8,200 | 8,203 | Travis Peak 98.44 Extension of Pittsburg field 
7,308 | 7,309 | Pettit 30.36 9.347 +) 550 350 shld well, Pettit oil, Willow Springs 
6,680 | 7,327 | Pettit 60.000 2,730 carn, Ves Rodessa gas, Willow 
4 prings fie! 
7,641 | 8,474 | TravisPeak | 354.06 4.978 34 2,740 1,870 | Discovery well, Tri-Cities field 
4,895 | Paluxy Dry hole—smail amount oil 
5,786 | 5,796 | Pettit — 22.19 1.370 800 500 | Discovery well, Pettit oil, Groesbeck field 
4,869 | Paleozoic Dry hole 
4,788 | Paleozoic Dry hole 
4,065 | 4,100 | Woodbine 300.00 \Y 1,265 500 | Discovery well, Pleasant Grove field 
4,372 | Woodbine Dry hole—pumped oil and salt water 
from Nacatoch 2910 to 2965 ft. 
8,243 | Travis Peak Dry hole 
1,510 | 3,348 ashita 31.00 Discovery well, Pickering field 
4,073 | 4,515 bine 3.280 46 1,775 1,685 | Gas well, Sub-Clarksville, Hawkins field 
(fs 501 Eagleford Dry hole 


ee 
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The Chapel Hill field was extended to the 
north and 12 oil wells were completed in 
the Pettit limestone of the Lower Glen 
Rose during the year. 

The Pittsburg field, Camp County, had 
five producing oil wells at the end of the 
year. The Talco Asphalt and Refining 
Company’s No. 1 Shell-McKenzie well 
extended the field about a mile to the west. 


CHANGES IN PRICES OF CRUDE OIL 


In general, crude-oil prices were revised 
upward. At the end of 1041 the following 
prices, per barrel, were in effect: East 
Texas, $1.25; Talco, $0.79; Cayuga, $0.90; 

Long Lake, $1.23; Hawkins, $0.80, for 
gravity below 20, with a $0.02 differential 
up to and including 25 gravity and above 
$0.92; Navarro Crossing, $0.97 for 25° 
gravity and below, with a $0.02 differential 
up to 40° gravity, 40° and above, $1.27; 
Mexia, $0.95, for gravity below 25°, $0.97 
for 25° gravity, up to and including 25.9°, 
with a $0.02 differential up to 40° gravity, 
40° and above, $1.27; Rodessa, $0.88 below 
25° gravity, with a $0.02 differential to 
40° gravity, 40° and above $1.20. 


CYCLING AND PRESSURE-MAINTENANCE 
PROJECTS AND DISPOSAL OF SALT 
WATER 


During the year cycling plants were 
placed in operation by Geier Brothers and 
Jackson in the Grapeland field, Houston 
County, and Lone Star Gasoline Co. and 
Rogers Lacy in the Willow Springs field, 
Gregg County. There were 14 cycling 
plants and 4 repressuring plants operating 
in six fields in the district at the end of the 
year. 

An increase in the rate of decline of 
reservoir pressure for the East Texas field 
during the year emphasized the necessity 
for the return of salt water produced from 
the Woodbine sand, and was so recognized 
by the Oil and Gas Division of the Rail- 
road Commission. Consequently, several 
hearings were held, which resulted in the 
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promulgation of a salt-water disposal 
order, which allows an operator to receive 
a bonus of one barrel of oil for each fifty 
barrels of salt water returned. A later order 
issued by the Railroad Commission allows 
an operator to entirely shut in a well 
producing an amount of salt water in 
excess of too bbl. and to transfer the 
shut-in well’s oil allowable to other wells 
on the same lease, or to wells on other 
leases belonging to the same operator, as a 
further incentive for reducing the amount 
of salt water not returned, and thus aiding 
in the protection of the reservoir energy for 
this field. 


CONSTRUCTION OF O1L PrIPE LINES 


Humble Pipe Line Co. completed 5 miles 
of 6-in. line from the Hawkins field, Wood 
County, south to a point on its Van-Long- 
view main line. Later in the year this 
lateral was looped with a parallel 8-in. line. 


TABLE 3.—Production Statistics, East 
Texas Field* 


: Num- 
Average Reservoir 

“ae Pressure at Production, Bbl. ae of 
TO4I — 3300 Ft., Lb. (42 U.S. Gal.) Shot 

per Sq. In, Down 
Jan. 8. r,0$L. 73 10,870,662} 10 
Feb. 1. 1,050.93 9,820,626 9 
Mar. I. I,050.45 11,330,857 9 
Apr. I. 1,047.22 10,766,709 9 
May tf. 1,047.64 11,255,062 9 
June 1. 1,042.29 10,738,827 9 
July 1. 1,034.63 10,280,662} It 
Aug. I. 1,038.48 10,777,708] 10 
Sept. 1. 1,038.90 10,267,320| 10 
Oct. 1. 1,038.56 11,279,811 9 
Nov. I. 1,030.46 11,253,471 8 
Dec. I. 1,029.46 11,735,478 8 
Average 1,041.73] Total 130,377,793] I11 


oe A eS a A, 
* Data from Texas Railroad Commission. 


The Gulf Oil Co. completed a 4-in. 
pipe line for distillate, from the Opelika 
field, Henderson County, to its Big Sandy 
Station, near the town of Big Sandy, 
Upshur County—a distance of 34 miles. 


GENERAL COMMENTS 


A few days after the close of 1941 the 
discovery of oil production in the Smack- 
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over lime in the Midway field, Lafayette 
County, Arkansas, stimulated a widespread 
campaign for leases along the north and 
west sides of the East Texas Basin, from 
Columbia County, Arkansas, to Falls 
County, Texas, a distance of approximately 
325 miles. 
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TABLE 4.—Oil-recovery Data on Older Woodbine Fields as of January 1, 1942 


‘ Cumulative 
Cumulative Net : 

Field County Production, Ereves Thickness, | Acre-feet Sey 

Bbl. Ft. ose toct 
Boggy Creek........ Anderson, Cherokee 5,040,590 960 34 32,640 154 
Cayuga.............]| Anderson, Freestone, 21,767,710 4,000 24 96,000 227 
ree fle nee - 
UITIC alee Ditewiaeel ee | WNAVALTS 1903,385 475 20 9,500 7O7 
Bast: Lexas.e cic .ct Cherokee, Gregg, I,711,262,851 136,000 35 4,760,000 360 
Rusk, Smith, Upshur 

Blag Lakers 3. s\els. Henderson 487,011 405 5 2,025 241 
MGZIA Firteaiatacs teers oe Limestone 97,827,830 3,920 50 196,000 499 
Nigger Creek........ Limestone 2,990,466 170 15 2,550 1,176 
Powell..............| Navarro 111,186,487 2,600 40 104,000 1,060 
Richlands .inee se Navarro 6,656,626 440 20 8,800 756 
Van (Deep) ..++ee| Van Zandt 120,535,480 4,520 268 I,211,360 107 
Wortham...........| Freestone 22,771,043 715s 35 25,025 910 
Cedar Creek*....... Limestone 330,600 30 10 300 I,102 
Raise h a. aeatet tance oi Cherokee 261,134 200 ro 2,000 131 


* Abandoned fields. 
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Oil and Gas Production in the Texas Gulf Coast during 1941 


By P. B. LEAVENWoRTH* AND JAcK F. Haranc* 


DEVELOPMENT during the year 1941 on 
the Texas Gulf Coast resulted in the dis- 
covery of 27 new fields as compared to 
26 fields for the year 1940. 

Drilling —During the year, 1405 wells 
were drilled. Of this number, 1031 were 
completed as oil wells with 375,000 bbl. 
‘daily of new production; 50 were com- 
pleted as gas wells and 324 were failures. 
The most active area was Jackson County, 
where 375 wells were drilled and 336 of 
them accounting for 190,000 bbl. daily of 
new production. 

Types of Fields —Of the 27 new fields, 
14 are considered to be oil fields, 8 are 
listed as gas-distillate fields and 5 as gas 
fields. This may be compared to 26 fields 
found in 1940, of which 14 were oil fields 
and 12 gas-distillate fields. 

Producing Sections —Frio discoveries re- 
tained their predominant position by hav- 
ing to Frio fields discovered in comparison 
to 6 fields in the Wilcox, 4 in the Yegua, 
5 in the Miocene and 2 in the Jackson. In 
the previous year 15 Frio fields were 
found, 4 in the Wilcox, 2 each in the 
Yegua, Cook Mountain and Miocene, and 
1 in the Jackson. 

Production.—Production increased over 


1940 approximately 10 per cent, being. 


113,726,893 bbl. for the year 1941 and 
104,127,247 bbl. for 1940. The statistics 
in Tables 1 and 2 include distillate and 
condensate as oil production because no 
separate reports have been compiled. It is 
hoped that this separation may be possible 
some day, but as a great many fields 
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produce both oil and distillate and these 
are commingled in pipe lines, separation of 
statistics will be more difficult than for 
other areas. 


New FIELps 


Big Hill, Jefferson County—Stanolind 
Oil and Gas Company’s No. 1 George D. 
Anderson was completed as a gas well from 
a Frio sand at 8705 to 8720 ft., on Dec. 24, 
1941, after having been drilled to a depth 
of g500 ft. Additional development is being 
carried on but it is not possible to evaluate 
this discovery at this time. 

Brushy Creek Field, Lavaca County.— 
Shell Oil Corporation’s No. 1 D. G. 
McManus was completed as the discovery 
well in the Brushy Creek field on Oct. 29, 
1941, from a Wilcox sand through perfora- 
tions at 7225 to 7230 ft., making gas and 
180 bbl. of 509° gravity distillate. This well 
was bottomed at 10,998 ft. in the Wilcox. 
No statement can be made at this time 
as to the importance of this discovery. 

Chenango Field, Brazoria County—J. N. 
Rayzor et al. completed their No. 1 
Sarah J. Christian through perforations at 
8564 to 8572 ft. in a Frio sand, for 453 bbl. 
of 37.7° gravity oil, on Feb. 6, 141, after 
having drilled to 9564 ft. Several wells were 
drilled in this area during the year but 
failed to establish important production. 
This is considered a minor discovery. 

Clodine Field, Fort Bend County.—Provi- 
dence Oil Company’s No. 1 Hatfield was 
the discovery well of the Clodine field, 
being completed through perforations at 
7499 to 7502 ft. for 108 bbl. of 51.2° 
gravity distillate, on June 19, 1941. The 
well was bottomed at 8090 ft. Several wells 
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OIL AND GAS PRODUCTION IN THE TEXAS GULF COAST DURING I94T 


TABLE 1.—Oil and Gas Production in Coastal Texas 


i a 


Total Gas 
Area Proved, | ‘Total Oil Production, Bbl. | _ Production, 
Acres Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- 
3 : ToEnd of | During | To End| During 
4 “Y 1 Oil | Gas’ | ““ig4t 1941 | of 1941] 1941 
tJ 
a 
s 
3 
A) Bling, PIavyts © ccc otels dav esieioyk dnieia NCE Tain eee 1939 50 200 44,425 13,028 0 0 
Sl Allon Bravoriacccaccs ene eae cee eee 1927 10 0 90,832 | Abandone 
3] Alta Loma, Galveston . 1940 125 0 444,036 63,382 0 0 
4| Amelia, Jefferson... 1936 1,090 y 5,721,861 1,220,927 0 0 
5| Anahuac, Chambers 1935 7,000 0 20,105,833 | 4,649,833 y y 
6| Angleton: Brazoria’. cancengeictemce > ctaya ares eloialde 1939 700 0 480,5 229,290 0 0 
7| Aransas (McCampbell), Aransas, San Patricio....... 1936 2,340 y 10,895,158 | 1,954,795 y y 
8] Armour (McCroskey), Matagorda...............05: 1938 125 y 148,767 28,991 0 0 
Ot A SriOb a TGRAGR coors biota erecta otek aleiateteealese steel eye sacs 1932 100 y 2,222,214 170,076 0 0 
10) Baileys Prairie, Brazoriay,, savas ania se seem poles loners 1940 y 203 y 0 0 
i) Bommel, Hartasy.4 siesta taewle Cee eae Peale ee 1936 2,200 0 483,559 42,818 y y 
Barbers Hill, Chambers: 
12 DET U « Benak perpen cas ale telnet Soest i crcrameteseta hy Mea. 1916 500 0 72,736,905 | 3,079,407 0 0 
13 B20 Liste race onat cab thee Beh laae waaleoe 1928 Included with Shallow 0 
Batson, Hardin: 
14 ALAS Go! SOL Lhe tate teiniee oie vats caatees eats ae ote ae 1903 500 0 39,003,004 177,928 y y 
15 4900 £02) GNow Batson) s ects aria <fe.c ct aierdayolencats. ce 1934 150 0 2,173,779 153,857 Included 
16| Bay City, Matagorda...........0...s0s0csseee ee 1934 | 1,200 y 4'660,123 | 784.093 0 0 
17 Beeville (Chureb);; Beet 24.35 eerie owe eee ania 1935 20 0 1,000 y y y 
18 ‘Big Creek, Mort Bend Satevccaateole tewines Se.ctliocniaa te 1922 240 y 9,959,581 143,306 0 0 
IO BigvEly Ser ersons a, ox wists cokes « dacs, eee ete ears oo 1923 10 0 13,853 Depleted z 0 
DOW ge TLE SAA ALG GOR da.,. asasetet a.,2te's aa: s/aeaie.crale  ntete Cake 1904 15 0 210,906 y y 0 
Dil Blessings, Matagorda sina daietcsta. 0 gece nidertienle we 1940 2,000 7] 1,450 | Gas-dist. y y 
22 Blue Ridge; Fort Bendcacace reece ctatessaeete 1919 400 y 11,059,115 338,287 0 0 
PSI BOURE WAAL ee cc we ae cecess sere Aiea ain sheers Siem 1925 250 7] 7,527,241 376,229 0 0 
24) Bonnieview sg leeiugios cies se la cusvettiee’e elateueeie ater tee 1939 y y 4.580 v y y 
Db Borden, WAGON: t.. cccrts ccs teh ae ake ak utero 1940 150 y 38,628 23,428 0 0 
26| Brenham, Washington, Austin. ............0..00005 1926 50 y 381,791 4,082 0 0 
24| LOOKSHING,, WaWehes feiew stele ddectirasamrd ch chine . 1934 50 y 22,333 864 0 0 
28| Brashy \Creakj Lawacd) <ss,. «tvs.cq ater tpi tine teak wos 1941 40 y y ] y 
26) Buckeve: Matagorad,.: vs oc.cscoess-ceck dered bigs 1932 75 y 807,417 29,813 0 0 
80} Burnell (South), Karnes... 00. 605..0c00s0saceoene . {1937 v vy 1,118 y y y 
31] Buttermilk Slough, Matagorda...................05 1939 50 y 9,391 2,259 0 0 
BOTS BOC. tas nti cat ca nh astea o antie eae Ue 1934 520 y 1,004 513 34,431 y 0 
BO] Call AN GUTOR. onto vasiinGaad hat scod Nites heeece Binns 1937 100 uv 11,016 0 0 0 
94) Caplon; Galveston. « 00s Ses sicaly yaaa vats gina «ie 1939 350 y 320,249 164,500 0 0 
Bb} Cedar Point; Chamberd,yteviscs sae esicies Wes satin oa 1938 400 y 1,067,206 263,468 0 0 
6G) Cheek: Jay ersansy fuck eco e suc cule one ce naiasienre Oe 1937 See Lovell’s Lake 
SriChenengo, bratoria.waoss<:..cr ia uveeeanise mean a 1941 80 7] 36,23 36,232 y y 
38} Chriesman (Red Bank), Burleson. ................. 1938 y v v y y 
39] Chocolate Bayou, Brazoria............0cecceeeeees 1939 500 y 164,262 119,868 y y 
40| Citrus Grove, Matagorda.............. 0000 cs esuee 1939 x 1,800 x y y 
Ali Clary Laker degepsonts tivisinacuw' sie fe nedie nied one GF 1937 500 y 310,829 134,767 y y 
42) Clay Creek, Washington. ........ccceseweseseeseee 1927 300 y 4,456,073 153,246 y 7 
43! (Clean Lake, darrte sails cissihsrtiasho foie. eaten eae 1938 2,100 y 1,129,728 573,950 y y 
Aa Cloweland Users. essen as Cate hah eesinenies 1933 700 y 1,329,171 86,150 y y 
46) Canton foarte caudate 5 atte men eee ram 1936 150 7] 275,708 46,937 y y 
46] Clodine, Fort Bend ~itvaatgiaie sears] Wfes alae Oea® pone Oe 1941 450 y 36,449 36,449 y y 
47\ Colletto:Croek; Victoria. von. aws cess <sievsieenes es 1934 260 520 1,341,938 117,243 y y 
ABI Cologne sVseloria’ saetphece seit a otlantonty hiten cies 1939 20 180 39,317 38,613 y y 
49] Coloma Creek, Calhoun..........0.cseeceuceceeeen 1941 80y y 21,380 21,380 7] y 
50} Conroe, Montgomery... .s.css.0ssVavanadecesseseots 1931 | 17,650 y | 129,153,299 | 11,621,299 y y 
Bll Cordele: Gacksons ea ccpecwn denne tees ich 19388 420 850 2,038,401 488,111 7] y 
52| Cotton Lake, Bouth ‘Chambers ix steiotoatteas Joe 1936 1,000 2,222,348 650,016 
53] Cotton Lake, Chambers............0c00cesseeeenes y 764,654 y y 


» Footnotes to column heads and explanation of symbols are given on page 250. 
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Number of Oil and/or Gas Well Sree nes Reservoir Pressure ¥ é 
il and/or Gas Wells ae aided Us: perGa. In: Character of Oil 
During 1941 End of 1941 Number of Wells 
=| Com Gravity A.P.I. 
& | pleted Z BE nap Avg. By, at 60°F. Sulphur, 
g to End 3 is RO eo bo Initial | at End |& S| wWeieh 
2 = 4g eighted | Per Cent 
z |ofle41) @ fe ety eae 3 » | 3 of 1941] 8] Average 
P a | 2 | s2|33|23) = | 3 53 
3 Ss) = ts ae BOM Cie, aed geo 
2 1 0 0 2 0 1 1 3 x 7 0 37-66 
00 7 0 
3 4 2 0 0 4 0 4 0 y y 0 34-36 
4 120 0 il 0 109 0 109 0 925 7] 0 27-29 
5 389 25 22 0 357 10 356 11 3,260 y 0 34.5 
6 8 1 0 0 8 0 8 0 2 x 0 50 
7 342y 6 24 0 316y Qy 292y y 2,220 z y 47 
8 5 0 2 y 3 0 1 2 2,000 y y 33-37 
9 21 1 10 0 11 0 0 11 x y y 30-34 
10 0 0 0 y 0 y y y valeny 27 
ll 20 1 19 0 0 1 1 0 Zz y x 58 
12 423 21 271 0 152 0 31 121 y y 0 25-29 
Ag Included with above 296 y 0 27 
14 | 1,017 6 836 0 169 1 0 170 y 0 24-38 
15 above ; A 0 11 0 a : 296y y 4 anaes above 
16 58 0 52 0 y y 36 
17 1 0 0 0 0 0 0 0 y y 0 
18 90 3 71 0 19 0 1 18 400 y y 20-42 
19 8 1 y 0 y 1 y y x by 0 y 
20 3 0 2 0 1 0 1 0 x 2% bs 
21 iS 6 0 0 5 2 Us 0 ¥ y 0 56 
22 215 6 177 0 48 0 6 42 Variable 0 21-38 
23 187 10 il 0 64 0 18 46 y y 0 19-33 
24 y 0 0 0 0 0 0 0 « Ei 0 55 
25 2. 1 1 0 1 0 1 0 y y 0 35.6 
26 56 0 60 y 6 0 0 6 < y 0 14-19 
27 1 0 0 0 L 0 0 0 100 y 0 23 
28 1 0 0 0 i 0 1 y y y 0 59 
29 3 il 0 0 3 0 3 0 1,045 y y 38.7 
30 y 43 y 0 y 0 y y 1,425 y y 47 
31 1 0 0 0 1 0 y y 1,140 y y 45 
32 42 0 0 0 y 0 0 100 315 y y 22 
33 1 0 0 0 y 0 y y 1,475 y 0 29.6 
34 19 7 5 0 13 i 14 0 3,300 y 0 32.3 
35 18 0 2 0 16 0 16 0 2,750 x 0 29.6-36.2 
36 
37 2 2 0 0 2 0 2 0 y y 37.7 
38 ly y y y y y y y x Ey 35.5 
39 6 3 2 0 4 0 4 0 , mob & 5 51 
3 0 y y y y y , y y x 
rt 18 0 4 0 14 0 13 1 2,500 y 22-34 
42 69 0 29 0 44 3 2 45 2 y 92-27 
43 75 1 31 0 42 2 44 0 650 y 26-31 
44 23 0 15 0 8 0 1 if 2,400 Zz 40 
45 7 y y 0 4 3 5 2 | 4800 x 22-48 
46 7 4 0 0 a 7 0 y y 40-51.2 
50 17 28 0 5 y y x £ y 
‘A 14 10 6 0 5 3 8 0 1,100 % y 
49 3 2 1 0 2 0 2 0 7] y 0 54 x 
50 989 1 57 0 929 3 883 49 2,275 y 35-40 
51 52 4 33 0 13 6 ae ‘ 340 x eG 
oe 0.74 0 Diels soy Ie Bs ed { 4 3}) 1,050 Ss Cae 
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© BONS ROWH | Line Number 


oJ 
——! 


— 
i) 


Name 


Eponides Yegua 

Frio 

Frio 

Marginulina and Frio 
Frio 


Marginulina and Frio 
Marginulina Frio 


Mio-Pli-Het. Frio 


Frio 
Cockfield 


Cap rock, Pli, Mio, Olig 


Mio, Frio 


Cap rock, Olig, Yegua 


Mio 
Olig, Marginulina, Frio 


Cockfield 
Pli, Mio, L, Olig 


Pli, Mio 
Cap Rock, Mio 


Frio 
Mio, Frio 
Cap Sear Olig, Frio 


Frio 
Frio 
Mio 
Frio 
Wilcox 


20) L. Marginulina, Frio 


Cockfield 

Frio 

Cockfield 

Cockfield 

Mio, Olig, Discorbis 
Mio, Frio 


Frio 
Edwards 
L. Frio 
Oakville 


Mio 
aoa Cockfield, Wilcox 


rio 
U. Cockfield Wilcox 
Mio, Cockfield 


Yegua 
Gatahodla, Frio 
a Frio 


50 Ma cfield, Yegua 


Mio, Catahoula 


L. Marginulina, Frio, Mar- 


ginulina, Frio 


Age* enc ¢ | Porosity? 
Eoc Ny} 34 
Olig 8 Por 
Olig iS) Por 
Olig s 27 
Olig s Por 
Olig S Por 
Olig is] Por 
Pli, Mio,} §& Por 

Olig 
Olig 8 Por 
Eoc § Por 
Cap rock, 
Pli, Mio,| & Poe 
Olig 
Mio, Olig iN] 30 
Cap rock, 8 Por 
Olig, Eoc L Cav 
Mio 8 Por 
Olig 8 27 
Eoc 8 Por 
Pli, Mio, s Por 
Olig 
Pli, Mio 8 Por 
Cap rock,| LS Cav 
Mio 8 Por 
Olig 8 Por 
Mio, Olig s 30 
Cap rock,| L Cav 
Olig 8 Por 
Olig 8 Por 
Olig 8 Por 
Mio 8 Por 
Olig § Por 
Eoc NI Por 
Olig 8 Por 
Foc 8 Por 
Olig 20 
Eoc § Por 
Eoc 8 Por 
Mio, Olig 8 25 
Mio, Olig NS] 35 
Olig § Por 
LCre LS Por 
Olig 5 Por 
Mio 8 Por 
Mio 8 Por 
Mio, Eoc | SH Por 
Olig 8 25 
Eoc 8 15 
Mio, Eoc 8 Por 
Koe 8 Por 
Mio, Olig 8 Por 
Mio, Olig 8 Por 
Mio 8 Por 
Koc 8 27 
Mio 8 Por 
Olig 8 34 
Olig 8 34 


TABLE 1.—(Continued) 
eee 


Deepest Zone Tested 


Producing Formation 


OIL AND GAS PRODUCTION IN THE TEXAS GULF COAST DURING IQ4I 


to End of 1941 
Depth, Avg. Ft. 
: N 
Top | Bottoms] 2 | “2 aes sk 
Prod. | Prod. | @™ | 3 as 
Zone | Wells | 5 & z ao 
z<| & a= 
6,622| 6,634 10 D_ | Cook Mt. 7,695 
Miocene 5,958 
9,171] 9,184 10 D | Frio 11 197; 
6,778) 6,791 10 D_ | Vicksburg 7,882 
7,145] 7,600 60 DF | Frio 8,749 
10,000} 10,500 6 D | Frio 11,451 
6,544] 7,461 20 Ny | Frio 8,889 
6,614] 6,624 4 N_ | Frio 7,531 
11,345) 11,349 
3,000} 4,700 50+] DS | Vicksburg 6,743 
11,631) 11,651 4 Frio 11,860 
6,170| 6,211 10 | DSF | Wilcox 10,574 
800| 7,200 { ae \ DS | Jackson 8,150 
3,450] 6,690 { 80 DS | Jackson 8,184 
10 
245) 6,525 y DS | Cook Mt. 6,828 
4,900] 5,600 30 | DS | Cook Mt. 6,828 
7,023) 8,261 y D_ | Vicksburg 11,465 
4,825] 4,832 7 F | Upper Saline Bayou | 6,013 
800} 4,528 21 DS | Cook Mt. 8,273 
{ 8,705] 8,720 15 } DS | Frio 8,720 
1,700} 5,958 {10-50 
y| ‘862 y | DS |z 4,435 
8,290} 8,300 15 y | Frio 8,525 
1,956} 4,650 55 DS Yegua 5,280 
377) 5,615 |15-60 DS | Vicksburg 6,281 
4,758] 4,771 y y | Vicksburg 6,510 
4,758] 4,771 y y_ | Frio 6,557 
190} 1,500 10 DS | Wilcox 5,039 
2,966] 2,976 16 D | Yegua y 7,200 
7,225] 7,230 5 y_ | Wilcox 10,998 
7,750| 7,926 60 DF | Frio 10,570 
3,617| 3,674 12 DF | Cockfield 3,936 
7,850) 7,860 10 DF | Frio 9,582 
3,021] 3,039 15 DF a Bayou 4,230 
6,908} 6,918 10 NF | Yegua 7,700 
7,209] 7,478 40 DS fig 8,805 
4,400] 6,050 25 D_ | Vicksburg 8,507 
8,566] 8,564-72 8 DF | Frio 9,564 
6,167] 6,172 5 F | Edwards 6,172 
9,800} 9,870 10 D | Frio 11,480 
3,750} 4,143 85 A | Frio 11,612 
2,387] 5,960 15 DS | Frio 8,198 
1,124] 1,500 120 DS | Wilcox 8,306 
5,790] 5,979 40 | DF | Frio 7,210 
5,672] 9,100 8 D_ | Wilcox 10,075 
3,207] 8,102 20 D_ {Cook Mt 8,763 
7,499] 7,502 20 D_ | Yegua 8,090 
2,861) 2,880 10 MF Lk 7,860 
2,860} 4,850 25+] NF | Vicksburg 5,168 
5,891] 5,892 y AF | Miocene 6,240 
5,000} 5,250 30 D_ | Wilcox 9,040 
2,654) 2,753 15 DF | Vicksburg 5,177 
6,409] 6,531 9 | pat |{ #0 7,007 
6,277] 6,345 Vicksburg 8,850 
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TABLE 1.—(Continued) 
a SS ae st ae cll le ee et ak Poe ee eee 


Total Gas 
eta Total Oil Production, Bbl. | Production, 
cres Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
be cov- 
ery : To End of During | To End] During 
4 Oil | Gas? 1941 1941 | of 1941] 1941 
i 
a 
o 
i=} 
a = a i — 
54) Damon Mound, Brazoria...........0-...eec ce eees 1915 250 0 7,117,881 87,502 y y 
Go Danbury Bracoria. .a<ceccic csc t+ aoBew + «aceite 1929 160 y 547,877 158,503 y y 
56] Diamond Half, Goliad... ... 22.0.0 ..0 Cece eccucece 1936 240 0 76,619 33,009 y y 
B7\pDickinson, Galveston... sac cnjues vee eck cee cceaeen 1934 2,700 y 6,932,505 697,507 y y 
DO NHOLG NL t0e OK: cles os shops mato ome onde oes 1935 350 y 81,773 648 y y 
59 ake Pes aR Se ce Ec Se Ce kT. Rae ae a 865 0 ot tt es - é 
D : QUITE Be sete Mess osc ag, olate teenies, Vite y y x 
a Decal Barrie. Tate, Seer PA” A, «, ssp astae ie Boe Beg hath 1940 1,000 y 361,458 318,364 y y 
62| East Bernard, WACOM cre teicteste = ilereis NGO, «cogs eee 1940 100 y 600 Gas dist. y y 
63| East Placedo, Victoria.....................--- 2. 1937 300 0 377,619 y y y 
BOUT Da LN tra Tes es el i a a See 1937 420 y 4,68. y y y 
Gp wowards: Ranch, Victoria... .0...0scsiecis ccc ce ec tans 1940 y y y Shut in 
CGINEISDERSODS LAO OME Y= .5 ore. viajsiciaieo yy ov wieime ti esie «ieee 1929 700 0 6,559,254 eee 7 i 
67 aperson, oouth, Liberty... oc... ceacseue+svaeeos 1939 550 0 63 340,75 ; 
TR dan AT IOS; SOc eS ee eee 1934 850 y 2,852,403 588,442 
GS) Hureka, Harte... sac. + we cai ; . 
69| Eureka Heights, Harris 1935 50 y ; ho ce on 
PAN AI SLOEL PL DES LELIIO otal Sev chare ace clasarais ate fi apely enone sidialeracetere 1940 y y 43,29 y y 
3 | 2,813,256 y y 
EME AIPPAUES CLL AITISS waters Seca ciatove.c aisiocse kee Uv nonaee Sse 1939 4,000 y 8,780,25 y 
72 oer a EH CPSON ck crete: wart me teeth nae icles tae ay on \ 3,047,614 442,969 ? 7 
POLO tans Cc alokiahwketinws pep bears trai Siete 
4 aoa, “Colied ERTS oe Sn BO oy pie ouseea asin 8 yao) et 1939 y 80 y y y y 
es Fig Ridge, CRAIGS Es Be MOAI sored hake nee ee atten 1940 900 y 51,918 41,918 y y 
i 1940 100 y 29,260 27,760 y y 
76) Hishers Reef, ‘Chambers... . 2.001 gee nene cree e nue : A y cee y 
q7 Fort cre OSE OA DUR ae ae Nace ae Ie inuy i : y 4 : 
7Sil Postoria, Montgomery. ccc cs cles. cnecdereccarescs 
7glHrancitas, Jackson...<.ccrsici.scissedscescteseae tel 4B y eit teste y v 
COPEL Fe HT cp eee OR Or eR, Pee ie ie ey y ae 76'565 2 
RAMAN ALO CK SOM orks, = Minanestiterel staan hss ate areas nee oe | cate eae : f 
BOM GanmwOod, COLNAGO, 2 ame fuficite,s vias haga sheen vane oes ie uv r ado ae ‘ 4 
83 poner: oe ay ae ce ne a eas we : oy P A F 4 
RAMON @e WERT, Ive OO oi. orice we ss wee site 
85 Bede, caierten SOR RR See, Noche Sa adie, «chs Syed at : be ei yee y v 
86} Goodrich, abet nent cere e rt ete terete cena A 2 
BTIMGOORE OLCOK HUITESs ce atom sini ene «indoles ony oateia ies 900 y 72,369,115 513,693 y y 
225 y 88,168 83,774 y y 
g8| Greens Lake, Galveston.............060e ecu en even coos 
g9| Greta, Refugio 1s coat epee Wee, aa PO RE 4,240 y 32,020,968 329, y y 
20 y y y 
GO penula Bay OM GalvestOne cin ciasice 405.0 cen eee gales : We 
ps Boepten Maaaerdo. “350, ” |g sisazazs | rosy; 2 | 
ee 5, 150 } y { ’679,532 | 69 7366 } ale 
Become yew): Laherty 2,750 y | 7,489) 038 1012281 | oy | y 
94\ Hardin, Liberty. «on. cic cee scenes ces ye : i : : u ¥ 
95 Hartzendorf, | EER to, ORs AE Oat oe Eee F ae ‘ 35,272,508 7,625,508 4 4 
96| Hastings, TGA Rocats he CoRR Eee F . ; 2'000 0 ; ; 
97 Hawkinsvlle, pe alaconts See artis ree ott state ; 3,620 14,197'601 242,00 . 
Bi pilevner. CalhDUN.«.c acres OMe a ase cs eae esos oie pin oss 
: High Telanid Gal teaton Meee wees tas trek ch 1922 320 y | 17,830,098 ) 7 7 
307,583 229,344 
ole ORE peo a Se agen er 1939 | 760 y | 7735] isvi4e | ¥ | Y 
101| Hitchcock, Galveston........ 0.2.00 seers eee ese c sees ne i : 16,000 | » 0 y “i 
POD WELOCKLey HGITIS 55.) icatee ee vtguvec a are estmin ates nn piece oe 
10,812 8,78: y y 
iS pelolamarks Bc6,..0c2% 407s uenths Salta e aie T yen ea ae ee a 7 62047 8964 ! 
104 Sateen Greek, dag aire Fa eens ote ee oe ee 4 | 31°755 - x y 4 
oskins Mound, Brazoria ............6.0+0-0eeees 3.0097 Ca ears 
08 Hull, Liberty, (Aha EVA itis me ie Oa ta 1918 850 0 9 377, y y 
1932 Included above Y aloe 
AGH Os LOMA Time totes sete ctsnndctia ta te sfe ate sr namie Toeran ad 916.563 
ie Humble, Harris, 700 ft..........00eesseee essence {1905 | 2,800 0 6,760, F y y 
ss Re Le 1928 Included above y y y 
109 J set Maliicttesaters ofa cojefeliclcasreus sca 1937 2,350 y ste pre y y 
Pe YA te, Ae. Pettit Bee oe SET iat era Re 
Ht Scat oie YA Gge S6e ae anima d SEE acme 1940 150 y , y y 
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440 OIL AND GAS PRODUCTION IN THE TEXAS GULF COAST DURING I941I : 
: 


Oil-production : : 
Number of Oil and/or Gas Wells Methods, Hnd cre ages Character of Oil 
of 19 i In. 
During 1941 End of 1941 Number of Wells 
» | Com- A i Gravity A.P.I. 
i=] vg. ° 
Aloe Ty |2Fle |» _ | racer | ata [g(a | Sona 
> | ofi941| & s BQ | 2 3 2 & of 1941 | 2S Average 
Z| cot 3 a2 5 Bigs g & ee 8 
g Be | og | #8 | se | se). 8 | Se i- BS 
a s) pen ie AS aes eee es 
54 131 2 101 0 30 0 0 30 z y 21-33 
55 21 2 7 0 14 0 4 10 500 y 22-28 
56 y y y y y y y y y 47 
57 261 6 175 0 72 14 72 14 1,250 y 37.5 
58 y 7] y y 1 0 0 1 1,600 y 43 
59 101ly y y y y y y y 1,000 44 
60 7 5 y 0 2 0 y y y y 37.6-36.8 
61 45 37 3 0 41 Z 38 4 y y 22.3 
62 BI y y y y y 0 0 55 
63 y 2 y y 2 0 y y 1,080 38.5 
64 z y y 0 y y y y z z y 
86 ; fe : . x 18 38 ‘ (30-41 
7 103 12 3] 24 75 | 4 2 5 \ sn va 131-35 \ 0.02 
8 ita 1 rable a eet va aa a , ie 
70 6 1 4 0 1 1 2 0 27.6-40.6 
71 309 6 15 0 280 13 291 2 3,000 y 38.8 
72 54 22 15 0 37 1 26 13 540 y 26-38 
73 12 Included above 1 above 26-38 
74 1 y y y y y y z y z 
75 7 3 0 0 7 0 7 0 y y 32 
76 3 2 1 0 2 0 2 0 y y 0 32.6 
77 2 y y y y y y 7 1,100 0 0 
78 y 1 y 0 1 0 1 0 y y y 39.0 
79 14 6 8 0 5 0 5 0 2,450 0 48 
80 1 1 0 0 is 0 1 0 z 0 39.6 
81 19 8 11 0 7 1 8 0 2,252 0 26 
82 lly 7 Ty 0 4 0 4 0 1,225 ¥ 0 44 
83 1 1 1 0 1 0 1 0 y 0 54 
84 1 y 0 
85 98 3 1 0 97 0 88 9 1,250 0 37.5 
86 1 1 0 0 1 0 1 0 7] 0 32.2 
87 914 8 827 0 87 y 1 86 y y 0 20-36 
88 il 5 & 0 2 1 3 0 1,300 y 0 22-52 0.14 
89 300 1 285 0 1 14 15 0 1,350 7] 0 23 .2-34.9 
90 1 1 0 1 0 0 0 0 y y 47.5 
43 3 19 0 os 0 + 14 800 y 0 37 
y 25 18-32 
a eee 0 Vila { Hg eee : : \ 424 y | 0 oo 
94 175 6 25 0 150 0 117 33 900 y 0 37-56 
95 1 y 7] y v vy y 0 0 0 45 
96 693 5 1 0 692 0 673 19 2,740 y 0 30-33 
97 1 0 1 0 0 0 0 0 200 0 0 7] 
98 277 13 y y ll 2 y y 880 y 0 32.3 
99 139 2 80 0 59 0 22 37 y y 0 31.5 
100 18 4 4 0 13 1 12 2 7] y 0 25 
101 14 0 0 0 14 y 10 4 880 y 0 29-31 
102 4 0 4 0 0 y y y 40 y 0 22 
103 6 0 vy 7] 1] y y y 1,050 z 0 44.3 
104 5 2 y y y 1 uv y 1,550 z 0 47.6 
105 5 0 5 0 0 x 0 0 F 7 = 0 21.5 
106 822 26 633 0 189 0 18 171 2 2 0 17-39 
107 Included above r x 0 above 
108 | 1,810 17 1,558 0 252 0 13 239 y y 0 17-45 
109 Trelisded above 0 abo’ 
110 46 4 0 0 46 0 46 0 1428 1,400 0 0-47 i 
111 7 1 4 0 2 1 3 0 7] y 0 42-58 
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Producing Formation 
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Deepest Zone Tested 


to End of 1941 
Depth, Avg. Ft. 
s 4 
3 Char- ; iS 
E Name Agee acter’ | Porosity? Top | Bottoms | ‘3.5 > Name we 
Z Prod. | Prod. ei 2 reas 
2 Zone | Wells | SP | 8 22 
. z* | & an 
54| Pli, Mio, Olig a Mio,} SH Por 1,406] 3,800 43 DS | Olig 8,112 
1g 
55] Mio, Frio Mio, Olig § Por 1,559| 7,168 12 DS | Frio 8,058 
56| Cockfield Eoe § Por 3,682} 3,880 14 DF ly y 
57| Frio Olig § Por 7,800] 9,142 20 DF | Frio 9,463 
58] Yegua Eoe 8 Por 5,200} 5,220 7 D_ | Cook Mt. 5,913 
59| Cockfield Eoc 8 Por 3,819] 3,990 16 DF | Yegua 4,776 
60} Mio Mio 8 Por 5,654| 5,661 1 ? Frio 10,002 
61] Frio Olig Sy) Por 4,050} 4,083 10 DF | Yegua 8,515 
62] Cook Mt Eoe s Por 8,070} 8,090 20 2 | Cook Mt. 8,461 
- 63] Frio Olig Sh Por 6,370} 6,382 15 AF | Vicksburg 7,502 
64| Catahoula, Frio Olig, Mio $ Por 2,646] 2,830 10 D | Cock 7,180 
3,890] 5,350 
65) Frio Olig $ Por 5,030} 5,041 5 ? | Vicksburg 6,265 
66) § Mio, Jackson Mio, Eoc 8 Por 2,275) 8,314 \ 15 DF { Cook Mt. 9,734 
67 oe Mt. Eoc 8 Por 7,341] 8,900 Cook Mt, 9,375 
68] Cockfield Eoc i] Por 7,662} 8,094 \ 25 Ny | Yegua 9,038 
69) Yegua Eoc S Por 7,662) 8,094 Yegua 9,038 
70| Frio Olig § Por 2,108} 5,898 12 ae Frio 6,715 
71| Yegua Eoc S$ Por 6,505) 7,185 20 AC | Yegua 7,940 
72| Mio, Olig Mio, Olig 8 Por 3,250 20 DS | Frio 
73| Frio Olig $ Por 8,300 y DS | Frio 10,595 
74| Catahoula Mio Ss Por 2,855] 2,860 5 A | Frio 3,512 
75| Frio Olig Ss Por 8,807 4 D | Frio 8,865 
76| Frio Olig § Por 8,962} 8,964 2) D | Frio | 9,952 
77| Yegua Eoc 8 Por 4,643] 4,706 5 D_ |L. Saline Bayou 5,124 
78| Cockfield Eoc § Por 5,790} 5,794 4 y | Wilcox 11,794 
79| Frio Olig s Por 7,380} 7,950 15 A_ | Frio 9,030 
80} Wilcox Eoc i} Por 8,180} 8,200 15 AF | Wilcox 8,500 
81} Marginulina Olig iS} Por 5,102) 5,111 5 D | Frio 6,544 
82] Frio, Cockfield Olig, Eoc S 12.8 4,021] 6,203 12 D_ | Wilcox 10,536 
83] Cockfield Koc 8 Por 4,160) 4,178 18 AF | Cockfield 4,187 
84] Wilcox Koc $ Por 8,340] 8,346 6 2. | Wilcox 8,386 
85| Frio Olig Ni) Por 8,300} 8,800 12 DF | Frio 9,463 
86| Cockfield Eoe Ss Por 4,030) 4,034 4 DF | Wilcox 9,966 
87] Pli, Mio, Olig Pli, Mio, s Por 1,000] 5,894 40 D_ | McElroy 6,967 
: Olig ae du 
Pli, Mio Pli, Mio 8 20-25 2,712] 6,450 10 DS | Mid, Olig 9,636 
a Catahoula, Heterostegina, | Mio, Olig 8 20-33 2,000} 3,500 20 A | Vicksburg 7,473 
Frio # 
i Oli $ Por 10,175} 10,180 5 Frio 10,412 
a GS on | 8 | TE] HS) SEL | | Bs lee ua 
i inuli i Mio, Oli 8 20: 5 ' egua ; 
ee eB y | 2407] 5715 | 29 | DS | Vicksburg 7891 
94| Yegua Eoc g§ |. 27-31 | 7,547| 7,673 10 | D | Yegua 87110 
95| Cockfield Eoe s Por 3,642] 3,651 9 A | Yegua 3,907 
96| L. Marginulina, Frio Olig $ 30 5,157| 6,140 200 DF | Vicksburg 8,793 
97 Miocene j Mio S Por 5,150} 6,300 10 DS | Olig 6,905 
98] Mio, Frio Mio, Olig 8 25 3,400} 6,000 25 D_ | Frio 6,487 
99 Cap rock, Mio Cap rock, § Por 1,500) 6,710 40 DS | Olig 7,179 
Mio F 
j Ohi § Por 5,220) 5,234 10 D | Frio 7,004 
sa Me Mio 8 Por 5,134} 5,160 12 D_ | Frio 10,460 
102] Cap rock, Frio Cap rock, u oy 1,800} 2,400 30 DS | Cockfield 7,510 
: Oli or 
103} Text. hockleyensis ser s Por 4,065) 4,260 y NF ee ae 
-104| Yegua Eoc iS) Por 4,575 10 MF | Cook Mt. 004 
105] « x SH Por 600} 623 23 DS | Miocene 4,126 
106} Cap rock, Mio, Olig, Jackson Late rock,| § Por on ee 63 | DS | Cook Mt. y 
io F 
107] Claiborne, Yegua Olig, Eoc § Por Fi ae Cook Mt. ue 
108} Cap rock, Mio, Olig, Jackson ore rock, Oy Sones che y 
10 ’ 
109] Claiborne Olig, Eoc 8 Por 200 i Cee Mt. ae 
110) Wilcox Hoc 8 Por 7,600) 7,736 30 ileox F oe 
111| Cockfield Eoc iS) Por 6,654] 6,926 i D_ | Cockfiel 7,25 
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TABLE 1.—(Continued) 
‘ 
Total Gas ' 
Area Proved, | Total Oil Production, Bbl. | Production, 
ae Millions Cu. Ft. 
Year , 
of 
Field, County Dis- 4 
cov- : 
S f To End of During |ToEnd| During 
4 *Y | Oil | Gash | “° oat 1941 | of 1941| 1941 
Zz ; 
S 
s m loo 
11S) Ratiys Wallen cic we stcciaenvadiaciast in eeletaa semis celar 1935 0 | 12,000 155,464 Gas dist. y y ; 
113 Beara: Victoria aie 5.4 ent Ola gute afele Sethu a Miom eee 640 640 1,518,927 165,485 y y ‘ 
114] Kubela, Wharton... 650 1,128,516 264,134 z y 
Ab} Labelle, Jefferson:<oes dan dee dca soelesee ec teeents 1937 900 y 494,627 63,246 y y { 
116] Lake Creek, Montgomery.............0000-0e00eeuee 1941 1,000 y 43,861 43,861 y y i 
DLT Lake Views Wharton, cesncce oaks oes lerseeavers abyate ores 1941 y y Gas y y : 
ELS) Darian VA ranges se. ccmmiee te. 40s steele Coie’ teeta areas 1937 20 0 1,095 y y Tt 
LID Le Rossy Refugee tect tl hce aateBiatee tia aero 1938 1,720 7] 3,296,770 967,848 y y . 
120) League: City, Galneston si sac csec cisies selesosleeciserne 1938 740 y 1,724,238 622,146 7] y : 
121 Vissie; Whartonvees:ascdt cots ckt dee cee eine 1940 500 y Shut in 0 0 . 
IO2i Livingston Pol Rises au rerenv cvs asses’ tieake anteee Serbia 1933 1,800 y 6,776,690 573,505 y y : : 
128) Lockridge, Brazoria s vcr bass airs pc Acie wesine ax care ee 1936 1,800 1,600 3,224,024 721,970 y 7] 
124 ary SOCK TES tact aatecie cog salee chen tee 1940 y y 1,639,737 | 1,421,774 y 0 | 
125) Lost-Lake, ‘Chambersa..\catettes.s ss)s sass saan cmtaleinenre 1929 50 y 1,014,672 y y : 
126} Louise, Wharton Sis gle wane ale br cule Gan el Make ents 1933 1,600 y 3,421,623 420,058 y y 
127) Lovell’s Lakes Jes ersonicce ieresicieise Acionle-n stortheta steele 1938 2,500 y 2,508,206 | 1,330,206 y y i 
128) Lucas, Mount, Pre Oak ot Seite seins pect 1923 120 y 318,524 16,422 y y ‘ 
LAG Linekey AM ala gor he scat xo Sytasctaw Bie hae eee ee stare ale 1941 450 y 16,948 16,948 y y - 
150) Magnot: Wharton: 72 ccc sae fase teney Chaescthirene 1936 1,500 y 2,122,939 776,938 y y 
131] Magnolia, Montgomery...........ce0ccccecccescees 1941 160 y 1,479 1,479 v y : 
139) BOO Ree fagan }} 4800 | w | 21,264004 | torezer{] oy | 
134) Markham, Matagorda............00..c.eeceeeeeee 1908 230 y 8,387,816 273,990 y y 
135] Mathis, Live Oak, San Patricio............. 00.0000: 1924 120 y Gas zr E 
136) Martha, Driberty ik dice lec eoke eta. 0 cola< ete 1939 500 y 267,235 155,373 y y } 
137| Maurbro (Laward), Jackson.............eeseeseees 1941 y y 183,233 183,233 y y 
168) Marrite, Jackson.....cih ties mew secs ele asoeees 1935 y y 506,720 104,731 vy ] { 
TO Mcl addin: Vactoriaa. 6 i chases «ack aeeaceeelcs 1932 620 y 2,671,350 690,568 y y ; 
LAO MoM trrray: Bee S, «.ctetiecucs te ee aia a dteroranralow ree ee 1937 y Included with Pettus 
141) MoNeil Piso OG: se cugates stots sn soe hentia 1934 70 y 275,847 13,046 vy y 
142| Melon Creek, Refugio..........-.-.+-.s.sceeveee. 1939 | 210 y 410,503 | 149,833 y.|oy ; 
LAD! Minavall en ste €:censialos OF caine cieiai<.c e Ottees tae 1987 v 1 
144| Moss Bluff, Abert casatied cata bee ee eee ee 1930 10 0 179,235 0 z - 
145] Mountain View, Live Oak... ....... 00-0 cc cece ceees 1939 F) 20 Gas y y 
146] Mount Houston, Hariigens Ost 5 tia ee 1940 Included in Dyersdale 
147| Mykawa, Harris, A£100=4900 Sted, su aries oka cae eons 1929 180 0 928,783 41,999 y y 
148 ALNO-ABIO IEG oes ners eee ioe aa AC ee 1930 150 0 3,509,313 212,956 7 y ; 
149] Mission River, Refugio. ............0ccecueceeeeee 1938 555,742 310,314 7] y 
ABOU Nash Port Bends, sccaa Gen neds tocw een emeaeeeh 1926 1,724,859 x 2; a 
1611 NavidadswWackson:scqse-os are os saeeerac tence 1941 y y Gas y y 
152| Needville, Fort Bend..............-....2csse ee, 1941 0 40 y y y 
153} Nome, Jefferson ap via Wiehe ate Bia uL hain Seis 1936 750 Vv 2,396,797 558,183 y y 1 
Lf4| Normanan Beas shoes teehee ae erin cen ees 1930 70 10 91,276 7,245 zr c 
155} North Dastton, Liberty L008. senak oa vedere 1905 50 uv 2,168,905 5,772 y y H 
1 G| Pie A800 Ltn seit. cakes sata sainieaan eran 1927 Included with above j 
157) North Houston, Harrtayc ccwawe, oo. dan csc oOeins 1938 1,000 189,439 54,488 y y : 
158| North Kearan, Victoria........................... 1940 20 5,429 uv y ‘ 
159| North Laward, Jackson..................s..scc.e, 1941 | 1,000 y y v uv I 
160 North Markham, Matagorda..............-....-.. 1938 | 1,100 ; 275,670 194,995 y y * 
161| North Normana, Beas etek sae hc ace re 1938 10 0 766 y y y 1 
Ti hOakvilla; Lies Oabet 21. oc sewcick devel ee 1936 150 584,130 247,203 y y : 
1681(O' Connors Ralugio. disat ss oad ar tinaiaais Ok oa ease 1931 140 575,617 39,398 1 
164! (Old: Ocean eBrasoria.sccax ow Pideselissinwicri usc ack 1984 | 10,000 y 14,665,840 | 4,799,840 ; - , 
165} Orchard, Fol Beas, ote kh lie ae, 1926 150 3,853,422 52,076 y y ; 
AGG Orang | Orangesic. ater one deta sees oes te hee 1913 400 31,953,934 148,293 z Ff , 
167] Oyster Bayou, Chambers.........0...cceceecuseees 1941 | 1,000 42,041 42,041 y y 3 
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TABLE 1.—(Continued) 
eee ee eee in ee a I ee 


Oil-production : 4 
Number of Oil and/or Gas Wells eee ree writen eee Character of Oil 
i . per Sq. In. 
During 1941 End of 1941 Number of Wells 
q Gravity A.P.I. 
g need > te Avg. ES at 60°F. Sulphur, 
EI toEnd| 3 g BS a 2 oe Initial | at End || Weighted | Per Cent 
z |ofled1) & -S ye 3 oe 2 3 of 1941 be Average 
3 eI = 3 3 Bar) A 
3 3 4 z a z ) z 5 z 54 Zs 
112 12y 1 0 0 12 ly 13 0 y 70 y 
SHS os to eo ea 
115 8 2 4 0 4 0 3 1 7,000 y | 0 7.2 0.06 
116 3 2 0 0 3 0 3 0 y y 0 6 
117 1 1 0 0 0 1 1 0 y y 0 Gas 
118 ff y 0 0 0 ly 1 0 sei y 0 y 
119 98 4 PB ag) ys le y v lt 97 : \ 0 39 
1,100 & 
120 37 8 5 0 32 0 32 0 1) 3%00 é | 0 40.5 
0 0 y 0 58 
132 93 0 20 Q 78 r 11 67 700 y | 0 _ 
123 47 3 6 0 4t 0 30 11 2,100 x 0 ie ve ‘ 
124 176 117 = 0 i 6 me ¢ y y 0 a, 
125 13 0 y y : 
126 51 1 15 0 32 4 13 23 1,850-1 any 8 toe 
127 90 18 12 0 17 1 78 0 seg ‘ 
128 4ly 0 y y y y y y { 1,400 y : i 
129 2 1 0 0 2 0 2 0 y y 
130 82 14 8 0 74 0 74 0 y y 0 ote ; 
131 1 1 0 0 1 0 1 0 y y ge 
So aE We fl ie gm oe a ey a So ico 26} y 
134 165 10 124 0 41 2 9 32 fe 0 25-40 
ee ee ee ge ah ek tal, | t | soe eg itera é 
136 12 5 0 0 12 0 B 0 34.4 
137 10 10 0 0 10 0 10 0 ve y ; fp ae 
138 4 y y y y y y y aaa 
4.7 18 3 { « | 0 21.2 
$298) 08 | 9 17 721 0 1°78 : 
140 Included with Pettus 570 ie 
141 Ty y y y y a“ y y met x ane 
“TERE ine ae ie a) be er ae 
143 y y 
144 5 0 0 0 0 0 0 0 280 0 0 0 0 
145 1 y y y y y 11 y 0 x y 
146 0 27.5 
9 x 0 9 290 x 
ian | 45 0 16 { ea 20 0 = 0 27.5 
y 
149 7 0 o| 0 O. } ty 0 0 { 1100 i : ae 
150 24 0 : 4 Se " : as 
i . 0 1 0 0 y y 0 y y 
A ; : 3 4 41 32 9 2,550 y 0 26.9 0.25 
Sette eee A "150 Pelee 38.8 y 
ib 64 61 0 3 ‘ 6 H & y 0 22-33 y 
156 400 y ae in athe 
Pia oa aaeet 8 tea ste 8. fest : y | 0 y y 
158 5 4 2 0 11 11 0 y y 0 25.8 y 
oh ae aed La a ies ; 19 0 | 3,450 10 36 y 
ish a 4 0 i y 1 . y y 0 46.5 y 
ie 34 8 30 0 4 y y 4 1,300 y 0 23 y 
365 y 0 22.6 y 
i 118 Pr 3 107 : ie 3 4,700 y 0 bere y 
: 0 -51. y 
165 35 0 26 0 9 y 3 6 375 y : 
5 20-42 
166 328 4 292 0 36 y 0 36 z y 0 y 
35.9 
167 6 3 0 0 6 y 6 0 y y 0 y 
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‘. 
D t Zone Tested } 
Producing Formation Tad of 1941 ’ 
Depth, Avg. Ft. 
g . 
S Char- ; s 
a Name Age® Stel Porosity?! Top | Bottoms 4 eS 2 Name ‘sk : 
5 Prod. | Prod. ae B Ag ; 
a Zone | Wells | 3 F 3 Bs i 
a Veet A ' 
‘0 6,400| 7,800 100 A | Wil 11,078 
E SH 10.2 ; F ilcox 078. 
ig moe Olig 8 15 5,597| 7,071 10 MF | Vicksburg 10,043 
114) Frio Olig 5 Por 4,596| 4,790 y DS jy. y 
115| Marginulina Olig S 30 8,260} 8,670 11 Ds | Frio 10,147) 
116} Wilcox Eoc 8 2 9,200} 9,800 50 F? | Wilcox 13,330 
117| Miocene Mio SS) Por 3,400) 3,411 10 ? | Frio 7,607 
118] Frio Olig 8 Por 7,502| 7,997 y y | Frio 9,785 
119} Frio Olig 8 30 5,382! 6,385 20+ | DFV | Frio 7,021 
120| Frio Olig 8 30 8,695| 10,960 20 D_ | Vicksburg? 11,402 
121] Yegua Eoc s Por 6,728) 6,734 6 y_ | Wilcox 10,116 | 
122} Conroe-Jackson Eoc $ Por 3,285} 4,360 20 DF | Cockfield 5,596 
123] Frio Olig s 20 6,309) 6,387 20 AF | Vicksburg 9,684 
124| Frio Olig § 32 5,274) 6,398 4 D_ | Frio 7,280 
125] Marginulina, Frio Olig $ Por 2,679| 5,157 33 DS | Frio 7A71 
126| Marginulina, Frio Olig 8 Por 5,135| 7,143 15 D_ | Vicksburg 8,271 
127| Frio Olig 8 30 7,713| 7,792 22 DS | Frio 8,189 
128] Catahoula, Frio, Yegua Ae Olig, | S-Sh Por 1,750) 5,300 28 D_ | Cook Mt 6,789 
oc 
129] Frio Olig § Por 8,883} 8,886 3 D | Frio 10,500 
130) Marginulina Olig iS) Por 5,490} 5,560 20 D_ | Frio 6,518 
131] Wilcox Eoe 8 Por 8,448} 8,458 10 DF | Wilcox 10,008 
132] Miocene Mio Sh 27.9 3,990} 4,016 23 D iy. y 
133} Marginulina Olig 8 22.5 5,000} 5,500 26 D_ | Vicksburg 7,957 
134| Cap rock, Pli, Mio, Olig ae ai ae Cav, Por 936| 4,350 20 Ds _ | Vicksburg 6,436 
i, Mio 
135| Catahoula Olig, Mio § Por 2,375| 2,385 10 ML | McElroy 5,526 
136} Yegua 0c 5 30 8,100} 8,108 5 AF | Yegua 9,109 
137] Marginulina, Frio Olig § Por 5,220| 5,230 10 AF | Frio 6,520 
138) Frio A Olig 8 Por 5,640} 5,650 8 ML | Frio 7,408 
139 Son! Heterostegina, | io, Olig 8 Por { ye ek ‘ \ AF bho 7,025 
140] Yegua Eoc Ny} Por 4,267| 4,284 8 NF | Yegua 4,379 
141] Hockleyensis, Cockfield Eoc 8 Por 4,434) 4,992 10 D_ | Cook Mt. 6,212 
142! Frio Olig 8 Por 5,856] 5,876 20 A_ | Frio 5,876 
143] Cockfield Eoc 8 Por 3,545) 3,650 8 NF | Cockfield 4,536 
144] Cap rock, Marginulina ~~ Tert,) SH | Cav, Por 800} 5,800 33 Ds_ | Vicksburg 7,375 
ig 
o Text. hockleyensis Eoc 8 Por 2,476] 2,481 10 F | Cock 3,000 
6 
147) Mio, Heterostegina Mio, Olig SH Por 4,100} 4,300 30 D 
148] Frio Olig SH Por 4,400| 4,892 30 D_ | U. Saline Bayou 7,178 
149] Frio Olig 8 Por 5,445] 7,150 15+| D_ | Vicksburg 9,225 
150) Miocene, Oligocene Mio, Olig 8 Por 3,700] 5,677 60y | Ds | Vicksburg 6,800 
151) Mio Mio 8 Por 3,788| 3,796 8 DF | Vicksburg 7,553 4 
152] Frio Olig 8 Por 5,176| 5,180 8 Df | Vicksburg 7,025 
153] Marginulina Olig 8 Por 4,775} 6,060 12 Ds _ | Vicksburg 9,045 
154| Hockleyensis Eoc Sh Por 3,500} 3,676 17 D | Yegua 5,038 
155] Cap rock, Mio, Olig Cap yes Cav, 8 = 400} 5,188 x Ds _ | Oligocene 5,700 
io, Olig or 
156 Included above 32 Ds 
157) Yegua Koc 5 Por y | Df 
158] Frio Olig 8 Por 5,550) 5,552 2 ? | Vicksburg 7,509 
TD OTN EO erie. hsrarerstetetams, oak Te Olig 8 Por 5,207| 5,226 10 2 | Vicksburg 7,506 
160| Frio Olig 8 Por 7,702) 7,770 20 Df rio 8,503 
161| Cockfield Eoc Sh Por 4,218) 4,258 5 Mf | Cockfield 4,273 | 
162] Mio, Olig, Jackson-Cockfield Me; Olig, 8 Por 265 | 2,816 8 Af | Cook Mt 4,500 
‘0c 
163] Mio Mio § Por 2,136] 4,150 8 Af | Frio 6,860 
164] Frio Se Olig 5 27 8,636] 10,670 200 D_ | Frio 11,357 
165] Cap rock, Mio, Olig, Yegua | Cap ae Cav,8 LS 1,265| 7,975 25 Ds_ | Cook Mt. 10,085 
10, Olig 20 
166} Pli, Mio, Olig a io,| S Por 2,500] 6,123 302 | Ds | Frio 7,604 
ig 
167| Frio Olig 8 Por 8,250] 8,280 20y | Ds | Frio 8,835 : 
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Area Proved : : Total Gas 
Total Oil Production, Bbl. | _ Production, 
ue Millions Cu. Ft. 
ver 
0 
Field, County Dis- 
hy cov- ‘ : 
d of D To End| D 
i oe See earn hbgrn: deielte rie 
z 
4 
Palacios, Mat Us AR ae hs Aa ee ae one ae 1937 300 y 131,231 4,265 y y 
ia Potts, Bes. ae eC O EE IIS dels = Oates tale ere 1930 1,180 1,220 8,983 323 122,825 y y 
170} Pettus (New), Bee, Goliad, Karnes...............-. 1930 950 50 436,431 206,390 y y 
171) Picketts Ridge and Kubelay Wharton. </.co%y.o soe 1935 1,200 y 4,008,367 777,104 y y 
AA ELer Ce IUNGHON  HONTtS..).[. oce)e ive erase sincere ee wales = 1921 340 0 34,019,962 633,806 y y 
lineipelaced Or, Vaclohias.cg nc. sce sisiasicalelne co datlnne ds ois 1935 1,920 y 13,178,072 | 1,287,072 y y 
MANE LEG z OR UBT UZOTUG araccincc vin orcoSe ae ove cae thowen hoe’ 1932 y y 17,000 a A y y 
LPS TEA SECT NS OY 3 (a eee arly eee ee on a 1936 160 220 260,739 E y y 
WG eort, Lavaca, Cathoun....<-.sescss cievtwonve scuse 1934 220 220 420,856 ‘ei at y y 
Lie! Port Neches, 3150 ft., Orange....5. 0.62200 00s eat 1928 640 y eeu 5 oF y y 
178 bad Pe Nakes, soa Eb OFAN: creck e Seo ice Above : ae ve : 
179| Powderhorn Lake OUN Soe ok oe «Oe oe ee y 
180| Raccoon Bend, Austin, S400 fees ne ei crne 1927 1,624 y 23,841,604 | 1,333,081 y y 
CADE fe nA cy RE REE a ka 1934 1,470 600 Included above y y 
193 Rap G8 ire, cieaink wince seats Haale mal eam Raitirnaen 1934 420 y 1,567,576 61,813 y y 
TSS PRelkupiO ves tigtO, COD cs ciere!iemers icsiein are eviee «sce 1920 Below 17,715,258| 1,104,817 y y 
184 Bao W seit tise caetote once oe Noise sg eso wiere 1928 3,820 6,450 21,979,442 359,538 y y 
MS RERCLUPIONMAKS RETUQIO oo s1e'0.5. 6 6 oe sia ecs v's go alatles sinners 150 y pe Asean y y 
avlsigepine 20 ’ ’ x y 
5 es a ea a i ae Sr y con ae z y 
LS PANOSH IV Ed OTIS; Galea ciseieieecs\ciEle vianeiclute cll Cave a ose or ae ee ee y | 
188} Rosenberg, Fort Bend.............. an y Raa ree : : 
189] Rowan, Brazoria...... ‘ a y eas. foes uy : 
190] Sabine Pass, Jefferson y ayers are ? 
191| Sandy Point, Brazoria 80 y NOT ey 408 Y j 
MOQ DArRDOEA, LLOTGeN ots aa ee creis wicidrna css slsins Sisls vies aslese 1901 500 y ,760, 
peer eae 1938 40 y 2,234 533 £ y 
ee ee iss | 00 | | sabage| agian |g : 
195] Schwab, Polk, Shallowemernccdeetiesoscce wee saree a ra nor a ; 4 
196 LCG MA A tl ai sh. Bead F ee se y nuts eee ; 4 
1O7eenbreeze, Chambers. 3... 5... oj eneu senses ve sos ee ne ee ie pee pee : : 
198 pee, Polk, Shallowsretiecs aMinep ete one Mutrioaaters ae ae Aah vt 4 3 
199 noe ee a te eae tence cue Pater aien ne i 4 4 nee y : 
200) Shepherd, San: Jactnto.... 22.2.0... s0cstewccnae ees a aul eH one f 
201 Sheridan,” GE Gs cnRng nampert CoaagoocedesuNcope ne rca 4 tee 608358 y ‘ 
BOZ|pisbes, Andti s.r... tees aleve « vieiciaeteieieicle civiie ase on ait cos 68 y 4 
a pe: oe Here raa cusses actreat oan ann ; 167 064 150,114 ¥ : 
mith) Point, Chambers. 0.0... 0.0ne.+ecseesenser see 381.802 
Pos sour Lake Hardin ssc oho. «sce need sede sclseis buss 900 y 79,410,239 y y 
; 1 174,969 
a oe Set Uae SONOS Oe Oa OS NER Roo 20 4 Meade ve v y 
ou OUBLONG HOMES), lar atrocities me ora ° iBes68 
Q0Slisouth liberty, Liberty. 0.1. «certs ae cine ce vee ace 250 y 15,297,174 y y 
5,012 0 0 
~ 209] South White Creek, Live Oak y y 5,012 es : : 
y y 
210] Spanish Camp, Wharthntec eae wR Ta y ee ey qt \ : 
QAM Spindletop, df CHETEOMN 1-2 a\si=/o12.-12 one ciej role» nolo viele iow A 400 y 1892, , 
1,000 y y y 
212] Splendora, Montgomery.......---.+02+-0ee eee ee es 10f 10 J 0748 30,374 u 
e919) Stratton Ridge, Brazoria. io. 5. sero. Ses oe nse cine ese a 30 a 19,199y 19,199y y y 
(alist Oharles: Aransas’ cs. eid sie «sspoyers atsie ogee ole, s.r aa y ; 
215 Sah titan Cailioune, Ae Sin ees Se ee pa re } 2,667 200t , ; 
PAIS LOW CLL LUCHTEN GOI, dicen vielelase salelayeversis \eieuarlelsiels.e > oner¥ 2 30,620°243 646. : ; 
217 Sugarland, Bort: Bender aieleicitierstere ca stenisee cas he Se 1928 1,200 y 629, 
- ‘0 10,288 5,638 y 7] 
PAST elGINCTs VW MCLOT 1G > «gave storsys oes oe «icistawioiece «ee le > aS it jae 3 15207 $'099 ; 7 
DIGI PER ATA CCKSOIY cotelees ciel <n aleve syorelelsi a» oc =/uelt 2a ales bee rth : 7°780 5°280 
DIO MNOMASIOM, Wewitla. ic 1alsls «1+, reloiniecceieesya2 = a\elmcie ae oe ae sie : 43,408'233 | 4,585/483 : ; 
Qo Thompson, Mort Bend. co... lovee cece sceide ese 1940 5 ARaindcdathia bene 
222| Thompson (Vicksburg), Ft. BERD Morenita det ae ? 40 : ys y y 
223 Toland, Refugio Mormiatetels ale siete. ocee)staualinpelst sieve) stnié Mt «10. airvaie 1940 7 y 8,937 7,212 y y 
2 | ES eR naa ar er a 1933 | 8,900 y | 20,015,743 | 3,282,743 y y 
225 Tomball 12 (ripe EB) CBO ROG ot LOO Ca Tore rie ae ie 4 26°309.760 | 51645/373 ¥ y 
226) Tom O’Connor, {HET deco cot a NOUS eet CO OR ae 
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TABLE 1.—(Continued) 


Oil-production 


cP ; : 
Number of Oil and/or Gas Wells Methods, End Ea Character of Oil | 
0 q 
; 
. 
During 1941 End of 1941 Number of Wells 
sae ET, Gravity A.P.I. : 
| pleted be Ave. | %~= | at 60°F. | Sulphur, 
a Beep tu One aed ede a Initial | at End || Weighted | Per Cent 
5 of toa = s £5 3 -f 2» 4 of 1941 | 2 3 Average 
a " 3 g 
“ a | 3 |eele.{/e3] € | ae 
5 Go |val fim. fae asia ea 
168 9 5 2 0 7 y 1 6 z y 0 54 y 
169 89 1 88 0 1 y 1 0 236 y 0 45 y 
170 Included above y 0 47.5 y 
171 77 1 31 0 46 y 33 13 2,053 y 0 25-26 uv 
172 270 6 206 y 64 y 15 49 355 y 0 21-41 v 
173 179 0 y y y y y y 1,900 y 0 25 y 
174 12 0 y y y y 0 0 2,450 y 0 55.8 y 
175 y 0 y y y y y y 1,010 y 0 _ y 
176 13 0 y y y y y y £ y 0 6 y 
177 46 5 5 y 15 y 3 12 2 y 0 25 y 
178 | Above 7 | Above 26 y 21 5 y y 0 38 y 
179 y Di a yy 4 y 1 | 1,850 y | 0 54 y 
180 250 0 18 y 67 y 67 y 275 y 0 26-33 .5 y 
181 Included above 1,800 y 0 Included above 
182 11 0 y y y y y y es wierd 46 y 
183 | Below 0 y y y vy y y } 2,000 \ y 0 33 y 
184 506 0 y y y y y 7] or + y 0 39 y 
135 | 15 | 15 Pty Paes] mae ek 12 off & \ y | 0 38-42 y 
186 10 0 9 y 1 vy 0 1 z y 0 21-35 y 
187 1 0 0 y 1 y 1 0 1,800 y 0 39.2 y 
188 2 0 0 0 2 0 0 2 y y 0 55 y 
189 10 3 3 0 6 1 7 0 y y 0 40-53 y 
190 1 1 1 0 1 0 1 0 v y 0 26.7 uv 
191 11 1 if 0 4 0 0 4 2,680 1,520 0 46.2 y 
192 776 8 547 0 229 0 0 229 y y 0 17-21 y 
193 1 0 0 0 1 0 0 1 x Z 0 35 y 
194 16 0 y y 8 0 7 1 3,100 z 0 42-45 y 
195 5 0 Older oro Sat ung 4 1 z z | 0 38-50 y 
196 Included with above 34. 2-64 0.10 
197 13 2 4 | 0 9 0 9 0 | 3,900 2 | R 40 y 
198 126 15 9 0 117 1 28 9 1,450 s 0 36-44 y 
199 Included with above 78 3 950 x 0 36.8 y 
200 1 0 y y y y y y y y 0 55.7 y 
201 4 1 1 0 3 0 3 0 y uv 0 35 y 
202 51 0 ri 0 42 2 39 5 574 550 | 0 36-43 y 
208 5 0 y y y y y y 550 y | 0 46 y 
204 13 10 0 0, 12 1 13 0 v y 0 35.6-57 y 
205 806 11 646 0 160 0 7 153 y 7] 0 16-31 y 
206 20 3 5 0 15 0 14 1 7] 0 37-52 y 
207 91 2 0 0 91 0 68 23 2,085 2,019 0 19.5-25.5 vy 
208 317 8 277 0 40 0 5 35 5 y 0 21-4 y 
209 5 5 2 0 3 0 0 v v 0 v y 
210 10 2 0 0 0 0 10 y 1,300 y 0 uv y 
211 | 1,385 1 1,240 0 145 0 4 141 ] x 0 25 y 
212 5 0 y y y y y y 2,000 y | 0 69 y 
213 5 1 4 0 1 0 1 0 Ney y | 0 32.5 y 
214 1 0 0 0 1 0 1 0 0 32.5 y 
215 1 1 0 0 0 1 1 0 y Vv 0 y 3 
216 1 0 0 0 1 0 1 0 y y | 0 34.5 y 
217 71 0 20 0 |. 61 0 36 15 1,570 0 28-35 y 
218 6 3 3 0 2 1 y y 900 y | 0 27.8 y 
219 3 2 2 0 1 0 y y z y 0 52 y 
220 2 0 y 0 y y y y 0 y | 0 | 30.6-52.3 | y 
a 373 f 20 0 353 0 320 33 2,430 y 0 25-43 y 
) 
223 i! 0 y y y y y y 2,520 y | 0 y y 
224 0 0 0 1 0 y y z y 0 30.3. y 
225 536 18 68 0 468 0 350 118 2,490 y 0 37-41 y 
226 451 18 351 0 118 0 y 7] 1,040 y 0 35.5 y 
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TABLE 1.—(Continued) 
re ene ee ee ee ae ee 


Producing Formation 
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Deepest Zone Tested 


to End of 1941 


Depth, Avg. Ft. 
LI 
Char- : g 
4 Name Agee acter! | Porosity? | rm op. | Bottoms 3 = s Name aa 
Zz Prod. | Prod. | A™ | 3 oe 
g Zone | Wells | SE | 8 22 
4 | A=) oy 
=| A iv) fox 
168) Frio Olig 8 Por 7,830) 9,275 10-15 D | Frio 11,327 
169} Cockfield Eoc 8 Por 3,860} 3,900 19 Df | Wilcox 8,993 
170} Cockfield Eoc S 32 3,616} 3,926 15 Df | Mt. Salmen 7,569 
171} Frio Olig § 33 4,596| 4,790 10-25 | A | Hockley 8,888 
172} Mio, Frio, Vicksburg Mio, Olig 8 Por 3,142} 6,943 452 | Ds | Jackson 7,165 
173] Heterostegina, Frio Olig 8 Por 4,745| 6,370 20 Af | Frio 7,242 
174| Marginulina, Olig Olig iS) Por 6,580] 6,684 100 D_ | Vicksburg 8,061 
175} Cockfield Eoc $ Por 3,036] 4,277 y NF | Cook Mt. 4,756 
176| Marginulina Olig 8 Por 6,240} 6,250 10 | DF | Frio 7,498 
177| Pli, Mio Pli, Mio § Por 3,150] 5,930 22 | Ds | Vicksburg 7,667 
178| Frio, Olig Olig 8 Por 5,920} 5,942 40 | Ds | Vicksburg 7,667 
179} Mio Mio 8 Por 4,628) 4,635 7 Af | Miocene-Oligocene 6,652 
180 et McElroy-Cock- | Eoc 8 Por 3,149} 4,124 18-35 | Df | Wilcox 8,589 
el 
181 Included above 
182| Cockfield Eoe SS) Por 3,888] 3,044 15 | Df | Yegua 4,253 
183] Oakville, Catahoula, Frio Mio, Olig iN] Por 3,687| 6,770 30 Df | Vicksburg 9,225 
184] Frio Olig 8 30 4,900) 6,600 30 Df | Vicksburg 9,225 
185) Marginulina Olig 8 34 3,545) 5,900 10 D | Frio 7,300 
186] Jackson, Yegua Eoe Ss Por 1,275 2 6 Mf |y 3,000 
187| Yegua Eoc iS) Por 6,947) 6,956 9 | Af |Yegua 7,495 
188} Cockfield Eoe 8 Por 7,743 10 Df | Yegua 8,530 
189} Frio Olig Ss Por 8,538| 8,554 18 y | Frio 10,010 
190} Mio Mio 8 Por 4,982) 4,992 if Ds | Miocene 6,721 
191) Marginulina Olig 8 30 6,480] 6,500 3 T | Vicksburg 8,943 
192] Cap rock, Mio, Olig a, ae s 1 500) 3,320 17 Ds_| Crockett 7,461 
io, Olig or 
3] Frio, Vicksbur; Oli § Por 5,013) 5,023 x F_ | Yegua 6,702 
194 Yegua site Hoe § Por 6,803} 6,834 15 DF | Yegua 7,520 
195} Cockfield Eoc 8 Por 4,740) 4,856 10 DF jy. 
196} Wilcox Eoc 5 Por 4,740| 7,820 10 DF | Wilcox 8,553 
197| Frio Olig 8 Por y y y_ | Frio 9,637 
198] Cockfield Eoe s Por 5,150) 5,200 10 AF ; 
199| Wilcox Eoe Ss 17.5 8,190} 9,150 30 | AF | Wilcox 11,734 
200) Wilcox Koc s Por 8,215) 8,277 y y | Wilcox 8,590 
201| Wileox Eoc Ss Por 8,133] 8,144 7 y_ | Wilcox 10,836 
202) Cockfield Koc 8 Por 6,845] 6,965 20 DF | Cook Mt. 7,778 
203] Yegua Eoc S Por 4,199} 4,404 10 DF | Yegua 4,580 
204] Frio Olig § Por 8,796] 10,343 15 DF | Frio ; 10,419 
205} Pli, Mio, Olig, Saline Bayou ae Mio, s Por 500| 6,804 100 DS | Upper Saline Bayou | 7,914 
ig ; 
i Eoe, Oli 8 Por 7,491| 7,885 30 Ds | Frio 8,785 
307 Mio Frio Mio, Ole ‘Sj 30 3,845] 4,775 75 Ds | Cockfield 9,474 
208 Mio, Olig, Yegua Mio, Olig, § Por 700) 4,996 100 Ds | Yegua 4,996 
Eoc 
209) Cockfield Koc is] Por 1,844] 1,852 8 AF | Cockfield 2,448 
210| Catahoula Mio s & ye nae 30 | N? | Yegua 8,183 
. Ts ‘ock, av r x . 
211] Cap rock, Mio, Pli, Frio OP Mio. { : Por 2,920) 5.900 69 \ Ds | Frio 7,382 
g . 
Eoe 8 Por 5,835| 5,824 5 D | Wilcox | 11,794 
dd aa Mio SI Por 4,300] 4,500 10 Ds _ | Mid. Oligocene 7,624 
214| Frio Olig 8 Por 7,604| 7,618 14 2 | Frio 9.335 
215] Mio Mio s Por 2,880| 2,885 5 AF | Oligocene 6,406 
216) Marginulina Olig § Por 8,850] 8,880 12y | DF | Frio 9,312 
217| Heterostegina, Marginulina, | Olig s 25+ 2,900} 3,800 80 | Ds | Saline Bayou 7,521 
Frio 
i Mio, Oli s Por 2,525| 3,600 y Df | Cook Mt. 7,666 
a7 \cetehoale, Frio aghast Por | 5,686 5,770 10 | Ds | Vicksburg 8,724 
220} Wilcox Eoc § 14-43 7,855) 7,922 18 2 | Wilcox 8.518 
221| Mio, Marginulina, Frio Mio, Olig | S$ 25 3,050} 5,409 80 | D | Vicksburg 9,001 
222) Vicksburg Olig s 25 7,700| 7,800 100 D_ | Vicksburg 9,001 
223} Frio Olig iS) Por 5,875} 5,890 10 y tio 7,010 
i i 8 Por 5,274] 5,282 y 2? | Vicksburg 5,610 
224| Vicksburg Olig , fc 
225| Cockfield, Yegua Eoe 8 25a 2,045] 5,682 10 | DF | Wilcox 8,048 
226| Frio Olig S Por | 5,176] 5,948 | 100 | ALF | Frio 81174 


ae 
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were completed during the year as produc- 
ers. The field appeared to be defined on the 
south. Several operators have holdings 
in the field and development is progressing 
in an orderly manner. This production is 
from the Yegua. 

Coloma Creek Field, Calhoun County.— 
McSpadden Company’s No. 1-A Elizabeth 
Clark was completed from a Miocene 
sand, through perforations at 5891 to 
5892 ft., on Jan. 18, 1941, for 108 bbl. 
of 54° gravity distillate. The well was 
bottomed at 6240 ft. One dry hole was 
drilled in the area in 1941. 

Fostoria Field, Montgomery County —The 
discovery well of this field was the Atlantic 
Oil Producing Company’s Foster Lumber 
Co. No. 1, which was completed through 
perforations at 5790 to 57094 ft. in the 
Cockfield sand, on Dec. 28, 1941, as a 
pumper making 39° gravity oil. The well 
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previously had been drilled to a total depth 
of 11,794 ft., penetrating the Wilcox 
approximately 2700 ft. without securing 
production. \ 

Fred Field, Tyler County —Stanolind Oil 
and Gas Company’s No. 1 J. F. Parker was 
completed on Nov. 2, 1941, for 218 bbl. of 
39.5° gravity oil from perforations from 
8180 to 8200 ft. in a Wilcox sand, after 
having been drilled to a total depth of 


8500 ft. During 1941 no other wells were 


completed in this field. 

Genevieve Field, Bee County—The dis- 
covery well of this area was the J. R. 
Daugherty No. 1 R. T. Hicks, which was 
completed on March 5, 1941, from perfora- 
tions from 4169 to 4178 ft. in the Pettus 
section (Cockfield), for 40 bbl. of 54° 
distillate. No other wells were drilled in 
this field during the year and no statement 


TABLE 1.—(Continued) 


Total Gas 
Area Proved, | ‘Total Oil Production, Bbl. | _ Production, 
Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
k cov- 
ery ; To End of During | To End} Duri 
E Oil | Gas? 1941 1941 | of 1941| 1941 
vA 
o 
a= | 
alec 
227 | WitletanyW Cdl, BGG is carsipliria tosis. gairiais/eine eles akacarniay®) 1932 160 0 1,913,215 42,320 
908 Minlsitae Rea: 2.5 rae see eae as cami Ne ER 1938 30 30 9,539 2;666 : : 
229) Turtle Bay, Chambers... 8. .ceeirc o's smapnassvenicire 1935 875 y 1,972,382 484,671 y y 
230) Vanderbilt, Jackson 1934 Included with West Ranch 
DOL VICLOTUs VACLONEGE ods scxcses tants a Wi rsaeerelcnietereterae 1939 200 y 214,299 110,849 v y 
252 WAeRNS eg NOU haan ts escittedeara isle eas cst eaten tn 1941 40 v 
233] Voss, Bee. . clove cals sus Sleeve Oxo met re 1936 95 7] 78,301 218 ; :. 
234] Webster (Friendswood), Harris........... 2.0.0.0. 1937 | 4,000 y 8,995,708 | 2,964,708 y y 
235 tad he HAG Sie nice ete formate DEAS Ako eRe 1936 140 y 21,004 19,254 y y 
236| West Beaumont, Jefferson.............000..0eeeeee 1936 650 7] 3,929,674 815,674 y y 
237| West Columbia, Brazoria..........cccceccevereues 1914 700 y 82,503,517 2,746,192 y y 
238) West Columbia (New), Brazoria. .............00005 1936 I i ia” 
230|\Weat Ganado, Jackson. \ viNenscveuks.scg conden cd 1940 y y rekaar¢ 3 Teneo 
240) West Garwood, Colorado Tina cones dd We cine Bee 1941 160 y . y eee Vind, 
opti OranigenOrangasch, cress hiehis wiht huesmes sly 1937 250 0 2,424,60 
24a] Went Ranch, Jockune ce ee eee 1938 | 4,860 0 | sasisse | sa0ss0 | 4 | Y 
243) West Silsbee, Hardin............0....ccssccseeee 1941 | 250 y 23,680 | 23,680 | y | y 
244| White Creek, Live Oak..........0..ccccevcscewcees 19389 115 0 236,688 117,795 y y 
245] Willow Slough, Chambers.............c0ccecsuceeee 1937 
246| Wilson Creek, Matagorda. .............000eeeseeee 1937 a pret tase : : 
RV24 fi Wathiora, WAGICOM. te cco seer cue Sate miele tiaccie/syecrtate te 1936 | 8,700 y 7,693,533 | 2,927'533 , 
ee Lae Ete tinge WRGFLOR arab ibe anreaiety ald 1936 Included with Withers 4 k 
OPO, HATUGIO’ warateornits.. cuttes ct. «act bs tee 1941 
ZO) Wort Beer stuart area alias Urine ke se udean heirs 5 ar 378 eons : 


~» 


a ay 8 OO ly a A: A ee aes 


a Sa ry ee ye 


aa 


mene ant mene 


ee 
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can be made as to the importance of this 
discovery. 

Goodrich Field, Polk County.—Pan Amer- 
ican No. 1-B, Texas Long Leaf Lumber 
Co., was completed in the Cockfield sand 
at 4000 to 4030 ft., for 112 bbl. of 34° 
gravity oil, on Nov. 20, 1941. The well had 
been drilled to a total depth of 90966 ft. in 
the Wilcox but failed to produce in this 
section. 

Hall’s Bayou Field, Brazoria County.— 
Strake Petroleum Company’s No. 1 Lena P. 
Griffith was completed on June 1, 1941, 
from perforations of 10,175 to to,180 ft. in 
the upper Frio sand. This well tested 550 


bbl. of 47.5° gravity oil for several days 


but operations were unsatisfactory and the 
well was shut in. No further developments 
were conducted in this field during the year. 

Lake Creek Field, Montgomery County.— 
Superior Oil Company’s No. 1 A. P. Mc- 
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Whorter was completed in the Wilcox on 
Feb. 26, 1941, from perforations at 9212 
to 9217 ft. for 130 bbl. of 61° gravity 
distillate, after having been drilled to a 
total depth of 9314 ft. During the year 
several wells completed in the Wilcox 
were drilled deeper into that horizon, one 
to a total depth of 13,300 ft. Numerous 
shows of gas and distillate were noted but 
no satisfactory tests were made at the 
greater depths. Existing information war- 
rants consideration for this field as an 
important distillate discovery but develop- 
ments are yet too meager to evaluate 
reserves. 

Lake View Field, Wharton County— 
W. R. Davis’ No. 1 Hartman was com- 
pleted as a gas well in a Miocene sand, 
through perforations at 3400 to 3411 ft., 
on May 29, 1941. The well was drilled into 
the Jackson at a total depth of 6752 ft. 


TABLE 1.—(Continued) 


Oil-production | Reservoir Pressure : 
Number of Oil and/or Gas Wells ag ocae nd Lib. per Sq. Ts Character of Oil 
During 1941 End of 1941 Number of Wells 
Com- A\ Ss Gravity A.P.I. 
s BE - ve. | | at 60°F. | Sulphur, 
2 Pad 3 z iB é 2 2 = Initial | at End |" | Weighted | Per Cent 
5 | of i941| = s BA | 8 3 eS of 1941 | 2] Average 
a a =| as Se =i ‘E CE 4 m 
2 BG) asses ne Fue ea Es 
a So 2p esl ye a & 4 Fe 
227 75 0 y y y | oy y 792 y | 0 | 44.5-50 | y 
228 3 0 y y y y y y 1,450 y 0 45 y 
229 39 0 37 0 33 4 2,958 2,861 0 32 x 
230 
231 25 12 15 0 9 1 y y y 0 22.5 y 
232 1 0 0 0 bl 0 1 0 y y 0 50 y 
233 0 y y y y y y y Yimaiee 4. y 
234 212 0 1 0 y y 209 2 950 y 0 20-30 y 
235 10 5 8 0 2 0 y y 750 y 0 46.5 y 
236 74 5 16 0 58 0 31 27 y y 0 26-34 y 
237 379 30 230 0 149 0 115 34 y y 0 28 y 
2,452 y 0 28 y 
238 F 
24 1 0 24 0 24 0 y y 0 24.5 y 
50 Ze 3 1 0 4 0 y ] y y 0 ae y 
241 48 3 0 0 48 0 29 19 y y 0 2 2 y 
242 323 148 180 0 138 5 143 0 1,700 y 0 Hs 8 y 
243 2 y y y y y 2 0 y y | 0 0. y 
244 38 17 30 0 8 y y y £ y 0 21 y 
245 6 1 0 0 6 0 6 0 3,900 y 0 34-37 0.07 
246 1 1 1 0 1 0 1 0 y y 0 35-55 y 
247 270 46 10 0 260 0 253 if Pee ; ; ae : 
om 0 40-60 y 
4 2 0 4 0 4 0 y y 
350 | 2 0 y 0 y y y y 850 y | 0 30.3 y 
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Present indications do not suggest a major 
discovery. 

Lucky Field, Matagorda County.—Stano- 
lind No. 1 Huebner was drilled to 10,500 ft., 
plugged back and perforated for completion 
at 8883 to 8886 ft. in a Frio sand, for 75 bbl. 
of 39° gravity oil, on March 21, 1941. Two 
dry holes were drilled in this area during 
the year and it is not considered a major 
discovery. 

Magnolia Field, Montgomery County.— 
Glen H. McCarthy’s No. 1 Sale was perfor- 
ated in the Wilcox sand from 8448 to 
8458 ft., on Oct. 10, 1941, with an initial 
production of 87 bbl. of 57.7° gravity 
distillate. No further development was 
completed during the year. 

Maurbro Field (Laward), Jackson County. 
Humble Oil and Refining Company’s 
No. 1-B Mauritz Brothers was completed 
in a Frio sand from 5220 to 5230 ft., on 
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Feb. 11, 1941, for 526 bbl. of 24.4° gravity 
oil. This appears to be the outstanding 
discovery of the year. Twenty oil wells 
have been completed during this period. 

Navidad Field, Jackson County.—W. S. 
Boyle and John Mayo No. 1 R. Terrell 
was completed as a Miocene gas well, on 
March 3, 1941, from a depth of 3788 to 
3796 ft. No additional developments were 
carried on during 1941 in this area. 

Needville Gas Field, Fort Bend County.— 
No. 1 Elizabeth M. Coyle, W. L. Goldston — 
et al., was perforated in a Frio sand at 
5176 to 5180 ft. and completed as a gas 
well, on Oct. 22, 1941. This area has long 
been considered as a likely prospect but 
it is doubtful that the Frio here will assume 
major importance, because this area is well 
defined by dry holes. 

North Laward Field, Jackson County.— 
Moore and Ahern’s No. 1 Burditt was 


TABLE 1.—(Continued) 


Producing Formation 
| Name Age® ea Porosity? 
a 
g 
fe 

227| Cockfield, Jackson-Wilcox | Eoc Sh Por 
228) Cockfield Eoe Sh Por 
229| Marginulina, Frio Olig 8 Por 
230 

231) Catahoula, Frio, Vicksburg | Mio, Olig 8 Por 
232| Wilcox Eoe 8 Por 
233] Cockfield Eoc 5 Por 
234] Frio Olig 8 30 
235] Yegua, Cook Mt Eoc Sh Por 
236] Mio, Olig Mio, Olig 8 Por 
237] Pli, Mio, Olig hs Mio, 8 Por 

lig 

238) Frio, Oligocene Olig 8 Por 
239) Frio Olig 8 Por 
240} Wilcox Koc NS] Por 
241) Frio Olig 8 Por 
242! Frio Olig 8 28.4 
243) Cockfield Eoc 8 Por 
244) Jackson Eoc § Por 
245) Frio Olig 8 25 
246) Frio Olig S Por 
247) Marginulina, Frio Olig s Por 
248) Frio Olig § Por 
249] Frio Olig 8 Por 
250| Cockfield Eoc Sh Por 


Deepest Zone Tested 
to End of 1941 
Depth, Avg. Ft. 
Z 
Top | Bottoms | 3+ 2 Name sh 
Prod. | Prod. | a= | 3 ae 
Zone Wells ee i 5 23 
g<| 8 a 
3,065} 7,535 11+| DF | Wilcox 7,921 
3,504) 3,590 26 DF | Cockfield 3,598 
6,550} 8,497 8 vy | Vicksburg 8,497 
(3a 2 
f ,09 10 | NLF | Vicksb 
ime nl icksburg 5,252 
468) 8,476 10 
3,985} 4,017 by $308 
5,488] 6,050 150 8,452 
4,802) 5,310 7 5,318 
4,560] 6,756 10-20 8,501 
354 y 250+ Vicksburg 8,518 
5,200) 5,784 100 Frio 6,930 
5,204] 5,220 16 ? | Vicksburg 6,604 
9,423) 9,438 12 2? | Wilcox 10,012 
5,585} 6,128 8 D_ | Frio 7,550 
5,086] 5,780 40 DS | Vicksburg 8,527 
1989 eb 5 DF | Cook Mt. 7,778 
{ 1380] (a0 \ 7 | MLE | Jackson 1,785 
8,400} 8,860 10 D | Frio 9,044 
7,903] 10,058 25 N_ | Frio 10,796 
5,470] 5,560 50 DF | Vicksburg 9,200 
5,540) 5,550 8 DF | Vicksburg 9,200 
5,833} 6,500 5 AF | Frio 6,710 
3,407 ? 5 D_ | Cockfield 3,708 
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perforated in the Frio sand at 5207 to 
5226 ft., on Sept. 29, 1941, for 122 bbl. of 
25.8° gravity oil. Developments have 
progressed rapidly throughout the year; 
11 additional oil wells have been com- 
pleted. It is considered that the North 
Laward field ranks second to the Maurbro 
field in 1941 discoveries. 


ASI 


Oyster Bayou Field, Chambers County.— 
The Sun Oil Company’s No. 3 Felix 
Jackson was completed in the Frio sand 
from 8250 to 8280 ft., for 666 bbl. of 35.9° 
gravity oil, on Apr. 26, 1941. Develop- 
ments during the year were meager, but 
it is understood that operators regard this 
field as a possible major oil field. 


TABLE 2.—Summary of Drilling Operations in Coastal Texas 
————  SSSSSSSSSSMSSSSSSSsssssse 
Important Wildcats Drilled in 1941 


Total ‘ Deepest 
County Survey Lee uae es 
MARAT AA SA erste SHS Aro 521 uss, savers els Gath Saw taiolalers Blassman 11,472 | Alluvium Frio 
74 | LUE), seis SG ATR RCe RaC EEEAOE See rca aaee Tool 5,309 | Lizzie-Goliad | Vicksburg 
SMES CO Me eye aS e Miovitenst oifasssets (avers Bigikrarart los M. Urangg 4,187 | Lizzie-Goliad | Pettus (Cocktield) 5 
ARIES LATOLIB Eerie ase a nivie ence stele ilaioie ec 10,060 | Alluvium Frio 
BEAM ESTAZOLID Aare erse Poet othatlers Biss asc nie tiers oreprenewnaiee Harry Dustin 5,622 | Alluvium Mio 
(3. | MED ECG yeas cs pe On ee ae Cae George Tennille 8,518 | Alluvium Frio 
PM ERPAR ONS eae meted i sore hare Hae Sele oli lo neem ats 5 Wm. Parker 9,564 | Alluvium Frio 
MESURE ON tte accor ctor aa atesseswliia c's walt masstenasos ass abe H, P. Coyce 10,412 | Alluvium Frio 
OMIM AlTOUIty eras eae nie nerd Fieve s Ah ee oe oe aero T. Hannesse 6,240 | Beaumont Mio 
TG GELDER ace ea eae eer eee Tract 177—San Antonia Bay | 6,406 | Beaumont Mio 
PO RAMIDEES Sra serr on. tee sichiat Sah sere caw Oe ae de D. L. Broussard 9,785 | Beaumont Frio 
POMONA Dera ee ee ers ze toecie eechsale ee sassy a eee bie Sec. 46 8,964 | Beaumont Frio 
Mam cham bares ney ae tase Se siete eee nee sts Sec. 126 8,294 | Beaumont Frio 
Pam ChATHOra wy Or! wecsteaine cic aisles aanetale ais.creiols obo Sec. 223 10,924 | Beaumont Frio 
HN MIMCOLOLAUG ene tee terre. Secs syanthe see cae el Winn 10,251 | Lagarto Wilcox 
A GriMColoradOsn eee ee toc ee eet ocr aye sey tune oe Wooley 10,012 | Beaumont Wilcox 
DPNPMOEb EsGnIC cee cestslehe ences e/stessfe ies aes) s Steps ceieserectls H. D. Brown 8,090 | Beaumont Yegua 
Hea alone DE nGer Mace Ere er hae malt emit ne oes H. & T. C. Sec. 29 6,463 | Beaumont Frio 
19 8. F. Austin ABT. 3 11,402 | Beaumont Frio 
20 F. P. Elliott 7,049 | Lizzie Cockfield 
21 Winey Britton 4,153 | Lizzie Mio 
22 Morris & Cummings No. 3 7,632 | Lizzie Frio 
293 Austin 2 Leagues 6,460 | Lizzie Frio 
94 Keller League 5,010 | Lizzie Frio 
25 Wells League 5,780 | Lizzie Frio 
6 Menefee 6,285 | Lizzie Marguinulina 
27 Menefee 5,480 | Lizzie TiO , 
28 Rogers 6,621 | Beaumont Frio 
29 Menefee 6,815 | Beaumont Frio 
30 -| Murphy 6,025 | Beaumont Mio 
31 ees |( Bards | White League 5,940 | Beaumont Marginulina 
32 .--| Young Sur. No. 3 6,513 | Beaumont Marginulina 
33 .| State Gulf 1-71 7,071 | Beaumont io 
34 T. & N. O. 158 9,313 | Beaumont Frio 
35 .| T. & N. O. 173 9,500 | Beaumont Frio 
36 .| C. P. Delmes 44 League 10,998 | Goliad Wilt ox 
37 .| M. Muldoon 8,524 | Lagarto Wilcox 
38 -| Jesse Devore 6,147 | Beaumont Yegua 
39 .| Lot 3408 Block 72 1,856 | Catahoula Jackson 
40 .| Elisha Hall 9,700 | Beaumont Frio 
41 .| Thomas Cayce 8,107 | Beaumont Frio 
e Pai 1704 wie Cask ld 
OMICly Moen cons saree: el Pe. Gi F illis ockfie 
a aes MAMPI Ri tee ter Sone .| T. J. Nichols 9,314 | Willis Wilcox 
AB MMOS EOLACE Veg ct. fue) oi. icle e's jee ee nicks eo John Scott 10,008 | Willis Wilcox 
ARAM OUI Aag rate rcaete cialatss othsfe ec skemtes re ei oinge eis .| A. Viesca 7 League 9,966 | Lagarto Cockfield 
AMSEC a oboe pier inate Seo ane e onsen A—Reojas 5,908 | Beaumont Frio 
FSA Uy ite, cas sc10 Umea Sanne Bee pe os see auaae s Gy: W. Collins 8,500 | Lizzie Wilcox 
Jie: NVA pg gen CoO Ue Be Hemet OUriaIS ais ie Ul aca eee Manchola Z Leagues 4,732 | Goliad Frio 
“ET, LEGG ght oR Rene on Gee aaron ars. Manchola Z Leagues 7,860 | Goliad Frio 
nh NAEGAISES, Aer aan ait cmt GMa GbsoinG meso ammeter a Gallardo 4,890 | Goliad Frio 
OUI WOChOLIA Sac nc ree a nictsVelecaieiele winynl-" -sagie tie shoe. Creanor 5,960 | Goliad Frio 
Oma V Visi LOW eter rcie te ciete caeiees orstersueon sh telelels Oeyetals stay I. & G. N. Sec. 10 6,752 | Beaumont Mio 


ee ee Ee ee a eee 


q 


N. H. = new horizon. 


= discovery well. 
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Sabine Pass Field, Jefferson County.— 
The British American Producing Com- 
pany’s No. 1-B State was completed at 
4982 to 4992 ft., in a Miocene sand, for 
290 bbl. of 26.7° gravity oil, on March 31, 
1941. Developments have been slow be- 
cause the field lies a short distance off shore 
in the Gulf of Mexico and the dome, in 
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which salt has been encountered, has not 
been outlined. 

South White Creek Field, Live Oak 
County.—Stelzig and Clark’s No. 1 J. A. 
Everett was completed in a Jackson sand 
for 550 bbl. of 20° gravity oil from 1846 to 
1856 ft., on Oct. 6, 1941. Two additional 
oil wells and two dry holes had been 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1941 


Initial Production Pressure, Lb. 
per Day Choke per Sq. In. 
or 
Drilled by Bean, Remarks 
Oil Mille, yas teal ae Tubi 
' ilhons of an Ine asing ubing 
U. 8. Bbl Cu. Ft. 

1} Continental Oil Co. 90 2.5 1264 4,600 4,200 | N.H. St. Charles field 

2 | Heyser-Heard et al. 35 7] 564 1,825 1,975 N. H. Heard field 

3 | Daugherty 40 y 1664 1,150 570 D. Genevieve 

4 | Phillips Petr. Co. 283 y 1664-564 3,250 3,200 | N. E. Chocolate Bayou 

5 | Rowan Drill. Co. 404 y 1264 1,050 350 N. H. Danbury field 

61S. W. Richardson 167 y 1264 2,300 2,150 | N.H. West Columbia 

7| J. Newton Rayzor 453 uv 1664 1,225 860 | D. Chanango 

8 | Strake Petr. Co. 550 y 1264 Sealed 450 | D. Halls Bayou 

9 | McSpadden 108 y 1664 2,050 1,700 | D. Coloma Creek 
10 | Gulfboard 0 32 1664 Sealed 1,000 | D. Steamboat Pass 
11 | Sun Oil Co. 3 5.595 1364 Sealed 3,000 | N. H. Fig Ridge 
12 | Humble O. & R. Co. 173 y S64 Sealed 1,450 | N. H. Fishers Reef 
13 | Sun Oil Co. 666 y 1664 Sealed 1,160 | D. Oyster Bayou 
14 | Humble O. & R. Co. 60 y 364 Sealed 2,975 |N.H. Red Fish Reef 
15 | Shell Oil Co, 144 y 1664 1,850 1,675 | N. H. Sheridan 
16 | Davis & Co. 83 y 1664 1,650 1375 | D. West Garwood 
17 | Providence Oil Co. 107 y %a 2,750 2,600 | D. Clodine 
18 | Goldson et al. 0 1.5 1264 2,150 1,950 | D. Needville 
19 | Phillip’s Petr. Co. 338 7] 1864 3,425 | N. H. League City 
20 | Republic Prod. Co. 206 y Sha 2,100 1,575 | D. West Silsbee 
21/ J. W. Frazier 273 y 1664 Q7E 150 | N. H. Dyersdale 
22 | The Texas Co. 355 y 1264 Sealed 1,620 | N. H. Ganado 
23 | Magnolia Petr. Co. 0 2.2 2464 2,150 1,850 | N. H. Lolita 
24 | Boyles et al. _ 0 il 1264 1,683 1,577 | N. H. Navidad 
25 | Sinclair Prairie 177 y 964 150 560 | N.H. Texana 
26 | Pure Oil Co. 102 y 564 210 525 | N. H. West Ganado 
27 | Pure Oil Co. 111 y 864 340 630 | N. H. West Ganado 
28 | Pure Oil Co. 0 1.5 1064 0 2,250 |N.H. West Ganado 
29 | Pure Oil Co. 168 y 1064 920 920 | N. H. West Ganado 
30 | Boyles et al. 0 5.19 4 1,700 1,300 | D. Navidad 
31 | Humble O. & R. Co. 526 uv 1664 625 650 | D. Maurbro 
32 | Moore & Ahem 122 y 864 660 600 | D. N. Laward 
33 | Hall Jordon et al. 291 y S64 300 | D. Sabina Pass 
34 | G. H. McCarty 483 y Séa 1,925 950 | D. Stowell 
35 | Stanolind O. & G. Co, 0 4.795 564 950 3,530 | D. Big Hill 
36 | Shell Oil Corp. 180 ] 1664 Sealed 2,500 | D. Brushy Creek 
37 | MeMurrey et al. 150 7] 864-1964 2,900 1,250 | D. Vienna 
a epath be Ve re y 106, Sealed 2,350 |N.H. Hull 

9 | Stelzig et al. y 3364 425 2 D. South White Creek 
40 | Stanolind O. & G. Co. 181 y 86a 975 850 | N. H. Luck 
41 | Sun Oil Co. 158 uv 864 400 1,050 | N.H. North Markham 
42 | Stanolind O. & G. Co. 75 y 864 Sealed 950 | D. Lucky 
43 | Atlantic O. & P. Co. Pumper y D. Fostoria 
44 | Superior O. & G. Co. 130 v 1264 0 1,795 | D. Lake Creek 
45 | McCarthy 87 y 1664 Sealed 1,510 | D. Magnolia 
46 | Pan American P. Co, 112 y 1644 Sealed 150 | D. Goodrich 
47 | Southern Minerals 55 y 2864 1,930 575 | D. Woodsboro 
48 | Stanolind O, & G. Co. 218 y 1364 1,200 350 | D. Fred 
49 | American Liberty 0 2 hs 1,435 1,425 | N. H. Coletto Creek 
50 | Plummer 0 25 4464 1,850 1,800 | N. H. Coletto Creek 
51 | Cox & Hamon 77 y Vea 1,740 1,750 | N. H. Cologne 
52 | Barnsdall O, & R. Co. 85 Yy 4 1,300 860 | N. H. North McFaddin 
53 | W. R. Davis & Co. 0 1.7 1064 580 360 | D. Lakeview 
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completed in the area during the year. 
This field has not developed sufficiently 
to determine the importance of this 
discovery. 

Steamboat Pass Gas Field, Calhoun 
County.—Gulfboard No. 1 State (Tract 
177), in San Antonio Bay, was completed 
as a Miocene gas well on May ta, 1041, 
through perforations at 2880 to 2885 ft. 
No other development was undertaken 
during the year. This is not considered to 
be a major discovery. 

Stowell Field, Jefferson County.—No. 1 
Smith and Crawford, Glen H. McCarthy 
et al., was completed on Dec. 10, 1941, from 


- a Frio sand, through perforations at 8550 


to 8580 ft. for 483 bbl. of 34.5° gravity oil. 
Considerable interest has been evidenced in 
this discovery but developments have not 


been sufficient to indicate its importance. 


Vienna Field, Lavaca County.—No. 1 
Allen, McMurrey et al., was completed as a 
Wilcox producer of 50° gravity distillate, 
through perforations at 8468 to 8476 ft., on 
Feb. 16, 1941, after having been drilled to 
a total depth of 8524 ft. in the Wilcox. 
No further development was undertaken 
during the year. 

West Garwood Field, Colorado County.— 
No. 1-A Brouson, W. R. Davis and Com- 
pany, Inc., was completed in a Wilcox sand 
at 9423 to 9438 ft. on Jan. 30, 1941, for 83 
bbl. of 52.4° gravity distillate. Four addi- 
tional oil wells were completed in 1941 in 
this area but developments have not been 
sufficient to warrant consideration of this 
field as a major development. 

West Silsbee Field, Hardin County.— 
Republic Production Company and Hous- 
ton Oil Company’s No. 1 Elliott Fee was 
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completed on Apr. 14, 1941, at a depth of 
6923 ft., for 206 bbl. of 40.8° gravity oil, 
from the Cockfield sand. This is not.con- 
sidered to be a field of major importance at 
this time. 

W oodsboro Field, Refugio County.—South- 
ern Minerals Corporation’s No. 1 R. H. 
Wood was completed through perforations 
at 5900 to 5903 ft., from a Frio sand, for 
55 bbl. of 40° gravity oil, on March 30, 
1941. Two additional oil wells and two dry 
holes were drilled during the year, and it is 
not considered to be a major discovery. 


New Horizons 


Development during the year resulted in 
the discovery of new producing horizons 
in the West Ganado, Texana, Lolita and 
Ganado fields in Jackson County; the 
Sheridan and Garwood fields in Colorado 
County; the Coletto Creek, Cologne and 
North McFadden fields in Victoria County; 
the St. Charles field in Aransas County; the 
Hurd field in Bee County; the Chocolate 
Bayou, Danbury and West Columbia 
fields in Brazoria County; the Dyersdale 
fied in Harris County; the Fig Ridge, 
Fisher’s Reef and Red Fish Reef fields in 
Chambers County; Hull field in Liberty 
County; League City field in Galveston 
County; and the Lucky and North Mark- 
ham fields in Matagorda County. 
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Oil and Gas Development and Production in North Texas 
| for the Year 1941 


By Lewis W. MacNavucuton,* Mrmper A.I.M.E., anp F. L. BurcHarpt 


Tue North Texas district, as herein 
defined, includes the counties of Archer, 
Baylor, Clay, Cooke, Foard, Hardeman, 
Knox, Montague, Wichita, and Wilbarger. 
This area covers generally the crest and 
south flank of a system of buried mountains 
known as the Red River uplift. The oil and 
gas accumulations along this feature are 
in traps, which, although localized by 
structures incident to the regional uplift, 
are usually modified by stratigraphic 
changes in the sediments. Excepting the 
fields in southeastern Baylor, southern 
Archer, and southwestern Clay Counties, 
all the fields within the district are on this 
Red River uplift. These exceptions, which 
have the same type of oil and gas accumu- 
lation as the other fields, are on the extreme 
north end of the Bend arch, which is a 
broad anticline plunging northward from 
the Llano uplift in central Texas to Archer 
County. The larger part of past oil and gas 
production has come from Pennsylvanian 
strata, with less important amounts from 
the Permian, and minor but increasingly 
important quantities from the Ordovician. 


DEVELOPMENTS DURING I041 


Nearly 1600 wells were drilled in the 
district during 1941 as compared with 
more than 1700 in 1940. However, the 
ratio of successful drilling operations 
was higher and some 1200 oil wells were 
completed. 


Manuscript received at the office of the Institute 
April 15, 1942. 

* Consulting Petroleum Geologist, DeGolyer, 
MacNaughton and McGhee, Dallas, Texas. 
* + DeGolyer, MacNaughton and McGhee, Dallas, 

exas. 


Production held about even with the 
previous year, as did the number of produc- 
ing oil wells. Known oil reserves increased | 
slightly throughout exploration, which 
generally was carried on at greater depths 
than in former years. The average depth 
of discovery wells was 300 ft. deeper than 
in 1940. Although discoveries were evenly 
divided numerically between horizons 
above the base of the Strawn series and 
those below the Strawn, the deeper 
horizons, including the Bend series of the 
Pennsylvanian, the Mississippian lime- 
stone, and the Simpson and Ellenburger of 
the Ordovician, furnished most of the 
increase in oil reserves. 

The largest single addition to the reserves 
was in the Ellenburger formation in the 
K.M.A. field. During the year 112 wells 
were completed in this horizon, bringing 
the total developed acreage to some 
4600 acres. The Strawn series in K.M.A. 
also received considerable development in 
1941, with 114 completions. 


K.M.A. PRESSURE MAINTENANCE 


Satisfactory progress was made by the 
K.M.A. Pressure Maintenance Association 
in 1941. At the end of the year, 99 wells 
were being used for input and total monthly 
volume of gas returned to the reservoir 
reached a high of 340,548 M cu. ft. in 
December from a low of 208,853 M cu. ft. 
in February. Total volume of gas returned 
during 1941 was 3,306,052 M cu. ft. To 
the end of the year, 150 cu. ft. of gas had 
been returned for every barrel of oil pro- 
duced from the reservoir while the input 
ratio for December was 397 cu. ft. per 
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TABLE 1.—Oil and Gas Production in North Texas District 
Se ease atee RPE NES Das Ae aR GE Te MEE oe FL Ny Ue EN RN Soa Ie EE ge Bee 


Area 
Proved,| Total Oil Production, Bbl. Number of Oil Wells 
Acres 
ar 
Field, County Dis During 1941] End of 1941 
coy- 
s ery | | ToEnd of | Duri Be ; 
l oO 0 ‘uring i=] 
q Me 1941 1941 |3S| oy] ZIRE] w 
Zz 2%3| 8 | § | BA) 8 
e Br lS al gael oe 
z gel #| 8 |ee| Bs 
4 etsy || a anche 
Archer County: exe) 
1 IBloweltunerays ate cee". sito ceases t 1940 100 42,455 30,636 il 1} 0 0 11 
2 Challe dean saaeies «.ctelercis s ccceciers asia 1931 600 3,031,807 87,827 y 0; y y 36 
3 LOCA a Te i 35 Dein a a 1939 100 52,256 32,063 9 0 0 9 
4 ST EIST ON. af ates Ses seh ey Saree aes peor ne 1938 | 7,000 7,120,904 | 3,959,472 441 54) y 0 441 
5 Kadane-deep (Griffin) a Saiscidbemeaetat eae 1989 500 147,727 94,924 17 14] 0 0 17 
6 Kadane-shallow (Griffin).......... -| 1939 80 16,389 7,105 6 2) 0 0 6 
tb Mankins it; =o. dle te acecse .| 1939 500 395,318 262,197 14 1} 0 0 14 
8 McCrory es .| 1938 20 33,082 |. 7,071 1 0; 0 0 1 
9 WEEN ES ee tees es Ne Bone ne 1940 50 13,444 12,761 iv 4! 0 0 i 
10 MoerScotland)s.5.sci0<iac. cctreseialenes 2 1938 20 17,709 4,252 1 0} 0 0 1 
11 Pa MavlOre ssp Maine aicieietoc ise eo sere 1941 40 1,931 1,931 1 i 0 1 
“le, Scotland (Coleman) ic. 5.. sce. cccse oot 1940 480 81,633 79,760 TZ » 16) 10 0 17 
13 Moms beneGr wees cinaiataiiage cubaetses/ sae oe 1940 120 42,679 30,288 3 ul 0 3 
14 WSO UNER EIS phi ace ancehe sels iie avase y | 119,888,778 | 2,978,286 y| 170) y y 3,415 
Total Archer County................- 130,386,112 | 7,588,573 y| 264) y y 3,979 
Baylor County: 
15 IROL WOOU SAS loeb rar -1<cis ajo) heaioced sofort he 1924 600 4,814,249 200,286 188 0 0 144 
16 en diana saci ges. at cies als hetero eases os 1940 480 65,495 51,608 12 8) 0 0 12 
Le DEVOUT Ree eea nie Seiten heme ek tad 1939 | 1,480 544,110 327,337 33 13) 0 0 33 
Clay County: 
18 Antelope (Henderson).................-. 1939 820 279,839 234,602 50| 35]. 0 0 49 
19 Antelope-Mississippi................2505 1941 40 13,154 13,154 1 Li 0 0 1 
20 Amachoncmiicc cise sain. s otadaraistsiotia » abe ee 1940 40 3,368 1,198 2 1; 0 0 2 
21 BOO Y RA ote carte eitestetnt ota ssveus hk atteaaxes 1988 300 42,498 37,276 33 31; 0 0 33 
22 Burns-Browning (Burns).......-......-- 1939 320 141,122 - 39,994 5 2) (0 0 5 
23 Gostloyeeaeiac ct ajsiecnssieinn ciate sitseiri<ratecoisiaya 1939 40 48,231 12,057 10 0; 0 0 10 
24 Gri GON Serge oats aie eevee ale tescivenunccisrormaue's 1932 500 1 253,545 116 5] 2 0 114 
25 (Halsellea tn: ciaits caver stewie wrdeits Oo adele 1939 | 1,000 204,888 131,694 9 0} O 0 9 
26 IS ROO east cfoies ine ae eae Dubie netic 1940 120 73,230 54,717 3 0) 0 0 3 
27 H esters chin: cates ciaitidie.9: 9 afetets Sesslaielens 1940 40 9,061 5,275 1 0; 0 0 uy 
28 rie a an RO or, eI 1940 40 3,060 3,060 1 0} 0 0 1 
29 UCTS DN oe fee eae ean ects eee ee 1939 40 8,226 4,005 1 0} 0 0 1 
30 PROX MID OY ie cia case ox Calne e csessiaiwi nisin 01K 1923 700 1 129,579 106} 51} 6 0 95 
31 MclInniss (Glasgow)..........-..0++0005 1940 350 209,808 147,461 67; 30) 1 | 0 59 
32 Na birasiea wieriescecas = seine nels er eaulere’ 1922 100 1 9,658 3 2) 0 0 2 
33 New York City..... Ss eons Sic 1941 320 33,421 33,421 5 5) 0 0 5 
34 Pes troller eels erstiheate reise et ois ayseorsse als 1902 | 3,000 1 96,189 y ty y 407 
BOGE: (POLLY, Siasiva = aveisrs, ox aroral e wiaiieet ev. sues elves 1939 480 94,274 71,629 11 8} 0 0 11 
ef 36 Sse te Sat aks Te center 1937 | 520 527,312 132,604 | 78] 19} 0 | 0 78 
ues 37 Sorin Nee Some re I sna. 1941 40 809 809 iil > all 0h Se 1 
: 38 Taylor (Costley S0.). 6.2.0... 02 seeeeeee 1940 200 106,149 94,515 51 38} 0 0 51 
39 Worsham....... OO OR GH ORNOsO bay Baer ad 1923 200 1 31,361 13 1| 0 0 7 
AGED arravae tier rer tec aeete lel oleletaroneiotene re 1926 60 1 2,493 11 0} 0 0 5 
ce Pe: Wet Clas County Ube Nets hat ee 9,270 | 10,834,099 |_ 1,540,296 |__yl_231| y | y 950 


= Footnotes to column heads and explanation of symbols are given on page 250. 
1 Included in county total. 
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TABLE 1.—(Continued) : 
eu ———$$$$--$-$$$ << a 
; $ ‘ 
- ti 
en End Shaved Producing Formation Deeg le 
of 1941 or 
Number of Depth, ‘ 
Wells Gravi Avg. Ft. 
ravity * - 
e A.P.I. at g 7 
3 60°F., Name Age? | . : & Z Name i 
E = Weighted Bam | as eh ne 2 oe 5 Sk 7 
het ease Average 3/3 | He |Bs2/E5| s as 
e| — | $3 2/2 | 68 |Sfe|s2| & BS 
3] of 4H ceil eevee sth pele le lee A a - 
dL 0 il 38 Cisco Pen 8 Se od ras y ML | Cisco 1,557 ; 
Canyon Pen i) r 00 _ 
0} 36) 42 |{ ganve Pen Por | 3'600|37640}| 20 | A Beat 5,145 ae 
3 0 9 40 Cisco Pen S | Por| 1,453 / 1,461 8 MC | Cisco 1,500 : 
U. Strawn Pen a che on a 4 . 
M. Strawn Pen ‘or ,980 | 4, 
4) 256 | 185 | 42-44 | 7) Strawn pen | § | Por] 4380/4300 | 0c | A. | Bllenburger |5,272 
Bend Pen L | Por | 4,620/ 4,630 10) 7 
5 14 3 42 Strawn Pen S | Por} 4,337 | 4,351 10 A 4 4,901 
6 0 6 42 Cisco Pen S | Por 1,630 | 1,640 8 AM trawn 4,410 
7 9 5 43 Bend Pen L | Por | 4,660/4,690 | 30 A 4,918 
8 1 0 41 Bend Pen L | Por | 4,785/4,760 | 20 N_ | Bend 4,696 
9 0 7 38 Cisco Pen S | Por 954} 960 5 y_ | Cisco 1,407 
10 0 1 40 Strawn Pen S | Por | 4,135 | 4,138 3 y |Strawn | 4,138 
11 0 1 y Miss. Lime Mis L | Por| 4,927/ 4,949 y y | Mississippi 5,051 
Strawn Pen S | Por | 4,016 | 4,032 
12 15 2 42 } Bend Pen S | Por | 5,042/ 5,058 10 A | Ellenburger 5,850 
Miss. Lime Mis L | Por| 5,550 | 5,560 
13 3 0 41 Strawn Pen S | Por | 4,656 | 4,671 15 y | Elenburger 5,335 
14 3 | 3,412 
301 | 3,678 Ellenburger 5,850 ) 
15/ 0} 144] 36 | Gunsight Pen | 8 | Por |{ 1350 ra00 {| ¥ | Mb | Strawn 4,265 
16 0 12 31 Canyon Pen L | Por | 3,025) 3,060 y M | Strawn 4,326 
17 16 17 y U. Canyon Pen L | Por} 2,525/2,605 | 20 N ly 5,598 
Strawn Pen S | Por| 3,190}3,250 | 25 
| 47 a anee0 { Bead Pen | L | Por| 57451| 5/480 oi AM | Ellenburger | 6,100 
19 1 0 40 Chappel Mis L | Por | 5,670) 5,760 y AM | Ellenburger 6,100 
20 0 2 y Cisco Pen S | Por 1,125 1,140 y uv | Cisco 1,366 
21 0 33 y Cisco Pen S | Por { ie 1120} 10 y | Cisco 1,330 
22 1 4 44 Strawn Pen S | Por | 4,480/4,460 | 20 A | Ellenburger 64014 
23 0 10 40 Cisco Pen S | Por ee 1160 | 18 y | Cisco 1,406 
y Per | $ | Por| 325] '350 
a4 O} t4) 38 { Bisco Pen | § | Por | 1,090 1,130 } | N iy 2,064 
25 9 0 39 Strawn Pen S | Por | 4,720) 4,800 7] A | Ellenburger 6,048 
ap od 2| 45 | Bend Pen | Cel | Por |{ §'993|s'o3s {| 20 | A | Ellenburger | 6,538 
27 0 iL 44 Bend ' Pen L | Por | 5,460] 5,488 15 y | Bend 5,606 
28 th 0 y Chappel Mis L | Por | 5,905) 5,967 y wy | Mississipp 6,088 
29 0 1 37 Strawn ~~ 5 i 4,130 | 4,150 15 AM | Bend 5,527 
er ‘or 280} 300 . 
30 0 95 y Cisco Ss A Por | 1,110} 1,145 10 A | Cisco 1,716, 
y er f Por 250| 260 : 
31 0 59 7] Ciseo Pen : Por 1.070 1120} 10 y | Cisco 1,404 
Strawn en ‘or ,337 | 3,405 10 
Beene Of ov |\Ben Pen | L | Por} 5:777/5:790 | 10 | N | llenburger | 6,098 
33 5 0 45 Chappel Mis L | Por | 6,180 | 6,280 uv y | Ellenburger 6,837 
fy Per 8 " 
34 0 407 | 30 ; 10 A | Pre-Cambrian | 4,289 
\ Cisco Pen 8 15 
35 11 0 41 Bend Pen L 40 AM | Ellenburger 5,846 
36 0 78 Cisco Pen | § 15, ML | Gecom, 4 ttloan 
37 1 0 48 Bend Pen L 7] y | Bend 5,630 
38 0 51, y Cisco Pen NS) 15 y | Cisco 1,852 
Strawn Pen | S 20} 
39 0 7 38 Bend Pan L y A | Ellenburger 6,163 
Ellenburger Ord D 
40 0 40 Cisco Pen 8 Strawn 
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TABLE 1.—(Continued) 


Area 
Proved ,| Total Oil Production, Bbl. Number of Oil Wells 
Acres 
Year 
Field, County at During 1941} End of 1941 
coy- 
= ery. : To End of During | 23 Se 
4 ia 1941 it |PS| yo] BEE] we 
Zz B3| 8 | 8 | BA! € 

ae a, S AY 3. 

S Bel 8 /| s/se| Se 

He] 5S aa] 5 A a nm as (e) 

Cooke County: 
41 Anderson (Gainesville)...........0...... 1935 880 3,484,609 350,633 127 4) 4 0 123 
42 Big Indian (Callisburg)................. 1925 20 1 2,555 1 0; 0 0 1 
43 Bia Cell MeN Ayer tacit ce Ce aticents ele ale 1941 60 18,521 18,521 6 6] 0 0 6 
44 Bulcher prayer. 1c eer see ese ae 1926 580 z 209,248 y 0} y¥ y 139 
45 ISLIP Tar itty Su TG |e Pe Sa eee 1929 160 : 14,102 y Oo} y y 29 
46 ORIG Tb. 5 eh en ere Ac CS et ee 1941 10 579 579 1 Lr 0 0 i 
47 PAs Obi afertente ie ne oists chiens orsicrer tere 1936 40 27,872 3,730 6 0} 0 0 3 
48 CUR eee ee tees kot an ea det ent tac 1939 300 89,123 63,044 46; 30) 0 0 46 
49 Rn eR et sae fe eee eee al 1058 ||) 260 794,446 65,898 | 441 0| 0 | 0 44 
50 VotherMerian cr tosews,setes saheeeeri we 1938 650 428,326 174,632 62} 241 0 | 0 62 
51 Winlute Bendieteeatacchcccieehsuntrce 1938 | 1,450 | 2,634,468 | 1,090,232 | 124) 35) 0 | 0 124 
52 WilsOuseene twee corse ce lacie atv onc 1941 120 10,416 10,416 6 6) OF 0 6 
53 PAT othior MOlds sy, cs.carces tiene On cece y | 15,485,124 878,176 y| 79) y y 605 
Total) Cooke County ...:.¢2...000-0.0. y | 22,973,484 | 2,881,766 y| 185) y y 1,189 
ty: 
54 pepe z ee re orc orn Eieice ve ve 1940 120 17,334 8,513 5 0} 2 1 2 
55 ORTISOM MMM eon coe ees ere tances 1933 380 1,622,751 114,426 16 0; 0 0 11 
56 PLE ee tect RA Oa sxies ores ear riae © eyes 1927 180 327,484 11,278 13 0| 0 0 5 
Montague County: 

57 BECK RE PE rinse aclnc heats le A605 Sete 1933 260 1 92,940 y 3} 0 0 54 
58 BERS OM NE Sd citer aioe cme Lare tints 1941 60 15,755 15,755 2 2) 0 0 2 
59 thn An ieee ei ee a ae 1940 380 381,222 228,401 20 3] 0 0 20 
60 Bowers (Benton and Holmes)............ 1939 760 382,830 244,249 32) (16) -0 0 28 
i Sere ee LOL 20 4,275 4,275 1 1) 0 0 1 
62 ue He GN Sere 1941 | 160 23,554 23554 AL Sea) Gy all at 4 
63 TBF ES yet atlg Nel Cenc ERO TORIIOR 1936 240 725,499 92,020 37 0; 0 0 37 
64 Hults’and Owens!...000 12: ssecenesees 1940 | 80 37,625 27487 | 4| 3/ 2 | 0 2 
65 NOOO RA ere Elton ite ene om tus blog aTeks 1918 | 3,200 3 1,192,341 y y| y y 824 
66 letir egal bepesasodnee@ bound yaar omodGeOe 1940 360 198,874 134,853 9 TIO 0 9 
67 Rogers and Rogers (Nocona Townsite).... 1939 860 1,170,245 462,558 45; 10] 0 0. 45 
68 Ua on Fda ee ger eae re pS RCD 1933 300 1 175,763 y o| 1 y 44 
Hocico 1941 40 666 666 1 1] 0 0 1 
70 ents tes NE eae eat 1941 20 1,166 1,166 imme er Orel ia0 1 
71 Ieee RAMA Spd re NA et Rit. 1941 40 4,893 4,893 ab OS 1 
Total Montague County............-- 6,780 | 35,541,603 | 2,701,421 uy} B5y) yy y 1,073 
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TABLE 1.—(Continued) 


Oil-production 


Producing Formation 


Character 
Methods, End : 
of 1941 of Oil 
Number of 
Wells Geavity 
ei A.P.I. at 
pe 60°F., Name 
g AN Weighted 
5 2 | 8 Average 
2| & | 28 
S| & |< 
41 o| 123] 41 {f: eeayn 
42 0 1 47 Pasi 
trawn 
43 I 5 38 { Ellenburger 
U. Strawn 
L. Strawn 
44 0 139 y U. Ellenburger 
M. Ellenburger 
L. Ellenburger 
45 0 29 y Strawn 
46 0 1 y Strawn 
47 0 3 40.5 | Strawn 
48 0 46 30 Strawn 
49 0 44 37 Strawn 
50 0 62 39 Ellenburger 
U. Strawn 
M. Strawn 
51 4 120 34 L. Strawn 
Simpson 
Ellenburger 
52] 0 61 aie Beare 
53 1 604 
6 | 1,188 
54 0 2 33 Canyon 
55 1 10 50 Canyon 
se] o| 56) 89 |{ 2halia 
sz} 0 | 84] 39 | { Ganvon 
58 2 0 y Bend 
so} 15] 5] 40  |{ Stravn 
Canyon 
60 15 13 39 
Strawn 
61 1 0 7] itrawn 
62 3 i y Bend 
63 0 37 32 Canyon 
64 2 0} y | Caddo 
oe 
‘anyon 
65 0 824 | 22-42 Gheawai 
Bend 
U. Bend 
66 9 0 47 L. Bend 
Ellenburger 
U. Strawn 
67) 34.) ti} 40 Eeeere 
Caddo 
Canyon 
68 0 44 37 U. Strawn 
L. Strawn 
69 1 0 y Nocona 
70 0 1 y Strawn 
71 1 0 7] Bend 
83 990 


Agee 


RRM MnmMnErRnnnnerrrnnrmnnan | Character’ 


~eeeooer 


urnnarfunrgeraharheannarrmmtae Mote 


Porosity? 


Deepest Zone Tested 
to End of 1941 


Depth, 
Avg. Ft 
é i - Name 
3 Fae ee” ‘sk 
Ko gus oh 3 Pad 
8S |SEe/32| & Bs 
i= Q q vat =) 
1,605 | 1,615 
1900 970} 10 | AM ly 2,710 
tess |isee |0) | 2 [aoe ni 
Hope 3} A |Ellenburger | 3,247 
1,125 | 1,130 
1,310 | 1,318 
1403/1408] y | MC ly 2,042 
1,540 | 1,550 
1,751| 1,753 
1,150] 1,190 | 10 N y 
2,309 | 2,320 | 10 y | Strawn 2,320 
1,650/ 1,700 | 5 N ly 3,100 
1,125] 1,143 | 8 A ¥, 2,163 
1,475 | 1,485 8 AM ennsylvanian | 2,095 
1,725] 1,735 | 10 y |Ellenburger | 1,793 
4,108] 4,125 | 7 
4,887| 4,895 | 7 
5,141| 5,173 | 20 N ly 6,110 
5,206 | 5,242 | 30 
piu Sat 
3360 37380 } 10 | AM |L.Strawn — | 2,380 
2,360/2,370 | 10 A | Canyon 2,370 
3,600| 3,625 | y A | Pre-Cambrian | 5, 
9.508 | 2,55 ot} A | Pre-Cambrian | 2,550 
1,400 | 2,330 
2/471 | 21484 v} AL ly 2,484 
rors Ee = 10 y |Bend 5,789 
pyre Bete ig} | A |Ellenburger | 6,975 
2,020} 2,030 | 10 
2,280} 2,320 | 12 
2,880 | 2,920 | 10 A | Pre-Cambrian | 4,300 
3,450 | 3,490 | 20 
caslage | 8 
i f y y | Ellenburger 6,008 
6,120] 6,130 | 10 N° lbeadoset 6,131 
1,700 | 1,765 5 AM | Pre-Cambrian | 3,648 
6,016] 6,050 | y y | Bend 6,070 
575/1,700 | y 
1,790/2,080 | y (1 
4,315/4,345 | y y y 
5,228|5,250 | y 
5,690| 5,705 | 15 
5,790] 5,795 | 5 N | Ordovician | 6,092 
5,800| 5,875 | 20 
4650/4080 | 4 
51125 51135 : A | Ellenburger 6,988 
5,230/5,250 | y 
1758 | 1770 it AL 
, ,’ y 2 
2,015] 2,020 | y i shes 
6,233 | 6,241 | 8 y | Viola 6,610 
3,023 | 3,045 y y | Ellenburger 4,646 
6,222 | 6,234 | 12 y | Ellenburger 


a" 
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barrel. This represents a utilization of 


29 per cent of the gas available for return 


during that month. 


459 


Results of the repressuring program are 


becoming increasingly favorable as the 


Association’s plans are developed. 


The Association continually strives to- 


ward minimum producing gas-oil ratios. 
These ratios can be controlled by adjust- 
ment of input volume and pressure by the 


Association and rate of production by the 


lease operators. 


TABLE 1.—(Continued) 


OUTLOOK FOR 1942 


The tendency toward deeper exploration 


in the district noted during the past two 


years should continue and further develop- 


Area 
Proved ,| Total Oil Production, Bbl. Number of Oil Wells 
Acres 
Year 
Field, County ey During 1941) End of 1941 
coy- 
s ery ; To End of During. | 2S be 
4 oe 1941 it [ysl gy |S EE| oy 
: 35/2] £|86) 4 
a ao/ BB) Blas) 5. 
g 8s| 8 | 8 |88| 26 
fe 5 oO | 4 ja?) & 
Wichita County: 
72 Asylum (State Hospital)................ 1938 80 67,206 22,411 3 0} 0 0 3 
73 PACKROD. pose athe ons 1938 300 175,563 45,267 22 0; O 0 20 
74 K.M.A.-Ellenburger. 1940 | 4,600 624,760 616,352 115} 112) 0 0 115 
75 K.M.A.-Strawn. 1931 | 29,500 | 35,011,871 | 9,612,690 | 16yy} 114) y y 1,5952 
76 ates sm..c8 3.2 1940 140 96,625 94,241 36 30) 0 0 36 
77 Underwood....... 1939 60 50,547 22,859 10 0} 1 0 9 
78 All other fields ........... ax y | 320,316,550 | 4,602,710 y y| y y 5,761 
Total Wichita County................ 356,343,122 | 15,016,530 y y) y 7,539 
Wilbarger County: R 
79 Gastloberry sci ait chee cots ie teresa as 1937 200 400,351 115,335 23 0} O 0 23 
80 @onsplidwted {tack cms see sy <obeli ees Ue 1939 600 776,098 320,724 43 12) 0 0 43 
81 Consolidated-Ellenburger................ 1941 120 6,952 6,952 1 1} 0 0 1 
82 Electra-Ellenberger...................-- 1941 80 7,461 7,461 2 2! 0 0 2 
83 Lt a SS aoc ROS GATOCNE ICC RAH OR Ee DEOET Sane 1940 | 1,800 359,147 350,335 44] 38] 0 0 44 
84 AE TUNA cis tasd nv ech or ae iatossie us cloie 2 tr aayetheus 1926 200 1 14,564 22 0} 0 0 13 
85 Harrold cctecejenve eon ees Te lee 1940 160 32,971 32,971 6 6} 0 0 6 
86 Kang (Pois-Selultz) 2 vs are.cie sci aleinie'nisia ataie= 1939 80 63,027 20,896 10 1; 0 0 10 
87 NG DAWAON a1. ia eres Sore eiaete a eaileran ae 1936 20 20,664 2,816 2 0| 0 0 2 
88 Kang-Waggoners sativa aieisieis neice vies 1936 120 116,826 18,938 10 0; 0 0 10 
89 AW SON a foicisiniale/atefEio1<rejsreis sia/9\aletele Sekehe eps ies 1935 80 248,124 28,184 15 0} 0 0 15 
90 VES ARH, Sarcscterertcieis aise orea oie iaun wearsisrose 1925 | 100 1 7,903 14 0} 0 0 9 
91 TED TONY op Oh Pa) Seperate tea cae cratic, 1938 120 94,872 30,019 6 0| 0 0 6 
Rock Crossing-Canyon.................. 1937 300 1 108,516 28 10) 20 0 28 
oe Rock Crossing-Ellenburger...........-.. 1941 120 8,310 8,310 3 3} 0 0 3 
94 tyr pein i A GeO agen CriC OU pacer TEN 1930 80 1 6,699 12 0} 0 0 8 
95 PAT Cothor wicldsy. jamais a oerae eb pyctoecys y | 73,598,687 | 2,177,659 y yl oy y 1,489 
Total Wilbarger County............... y | 75,778,490 | 3,258,282 y yl yf y 1,712 
Torat Nortu Texas DisrRicr.............. 639,248,333 | 33,700,316 1,213 16,649 


2 Includes 99 wells used for gas input; allowable for these wells produced by other wells. 
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ment of the older horizons will be done in 
spite of curtailment of drilling due to the 


so a comprehensive study of these hitherto 
little known beds will be possible. 


war. A few of the major oil companies 
operating in the district have inaugurated 
the practice of carrying their deeper wells 
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to the Ellenburger. This practice should 
add to the control of the deeper horizons assistance in preparing this paper. 
TABLE 1.—(Continued) : 
Oil-production - 
Methods, End ia yee Producing Formation Deepest 1 7 
of 1941 
= 
Nember of Depth, | 
ells Gavig. Avg. Ft. , 
7 A.P.I. at a ; 
4 wee F Name Agee | _ g Name 
= eighte Sis 3 | 3 wey 
Zz 2 S Average 3 2 Es ee 2 = et 
& .e | a [sy os: 7 
a) betes 4/2] 98 |S2e/e2] 2 BS; 
a) oe | 2 Gi eye set Hest olen loco am 
72 0 3 42 Smithwick Pen L | Por 5,076 | 5,120 20 Ellenburger 5,418 , 
5,336 | 5,362 
73 0 20 Canyon Pen L | Por | 2,600/2,630 | 10 y | Canyon 2,700 
74 106 42 Ellenburger Ord L | Por| 4,330/4,440 | 30 AC3 | Ellenburger 4,494 
75 | 1,1822 463 40 Strawn Pen LS | Por | 3,500/4,000 | 25 AC | Ellenburger 4,494 
76 0 36 y Cisco Pen S | Por| 1,313/1,328 | 12 N_ | Cisco 1,340 
77 0 9 40 Cisco Pen S | Por} 1,200] 1,210 6 y | Cisco 1,482 
78 4 | 5,757 
1,242 | 6,297 
2,170 | 2,190 9 
: Pen S | Por { : : 
Cisco 2,640 | 2,650 9 ba y 3,750 
i Seo) Wee A heme Pen | L | Por| 3,190/3,210 33 
e] x) mn) o fe ST ee TB, ta (ame 
rawn . 770 0 llenburger 4,381 
Pen | LS | Por {035 4065 40} < 
81 1 0 43 Ellenburger Ord L | Por} 4,300/4,381 | 17 A | Ellenburger 4381 
82 2 0 43 Ellenburger Ord L | Por} 3,627/3,635 8 A | Ellenburger 3,635 
Cisco Pen S | Por | 3,200}3,270 | 25 
83 21 23 42 Canyon Pen L | Por| 3,970 | 4,020 15 A | Ellenburger 6,717 
Strawn Pen S | Por} 4,370)4,470 | 15 
1450| 1490 | y 
84 0 13 40 Cisco Pen S | Por | < 1,800 | 1,890 y ML /y 2,867 
3160 [3180 | 12 
85 3 3| 41 | Canyon Pen | 8 | 18 |} 3'97018'300 5} A ly 4,412 
1,220 | 1,245 
8} 0} 10] 38 | Cisco Pen | $ | Por |< terolroioe| ¥ | ML |y 2,671 
1,945 | 1,960 
87 0 2 7] 7] Pen S | Por eo era at ML | Canyon 2,805 
88 0 10 40 Cisco Pen S | Por 1,535 11560 10 ML | Cisco 1,784 
1,310} 1,330 | 20 
89 0 18) dhe, he Pen | 8 | Por |< 11628 2380 120) ML |y 3,174 
2430 |2,440 | 10 
90 0 9 y Cisco Pen S | Por} 1,270) 1,300 y ML |y 2,725 
91 1 5 36 { Gee Pen 8S | Por y | 1,902 y 
92 9 19 y | Canyon Pen | L | Por| 3,015|3'025 | 10 A |Bllenburger | 3,815 
a A : alld Ord : Por | 3,770|3,800 | 10 A | Ellenburger | 3,815 
isco 
95 0 | 1,489 en Por | 2,190 | 2,220 15 y ly 2,863 
53 1,659 
1,781 | 14,868 


3 AC, anticline with accumulation modified by change in stratum, 
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TABLE 2.—Summary of Drilling Operations in North Texas 
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Discoveries, Extensions, and Important Wildcats Drilled during 1941 


Field County Drilled By Well Number and Farm Survey 
Page LAV ONCE hate e ct ies ota ae Archer King Oil Co. Taylor No. 1 A. TT. NiCr: 
BCOULAR CMe ch Ns ceeoee ste ok She Archer Shell Oil Co. Coleman No. 4-A A.T.N.C.L. 
Southern Petr. Exploration L. F. Wilson No. 2 A. T. N.C. L. 
W. B. Hamilton Cartwright No. 22 J. Webb 
C. H. Staley Mangold No. 22 P. Castleman 
Jack Story Wilson No. 1 AnD NE Cali 
Clark et al. Parsons No. 1 Rob’t. Meade 
Deep Oil Dev. & Snoddy Bros. | Clark No. 1 Clark-Plumb 
Golding & Cochran M. J. Kunkel No. 1 B. B. B. & C. 
Sunray Oil Co. C. W. Siebold No. 1 L. P. Jones 
DeMMOUL ER at marie a. 04 beet Baylor British-American Cowan No, 1 T. & N. 0. 
Antelopéi(Miss:)) 6 cc.) ssn ce a Clay Shell Oil Co. Henderson No. 9 T.E. &L. 
Antelope (Deep) ars. an2. lows des Clay Shell Oil Co. Mullens No. 7-C TB. G&L. 
IBUrns-DrowmNg ee Gow cleeAle ses Clay L. T. Burns Southerland No. 1 J. H. Belcher 
CIO Bene aps hen Beare ee ea Clay L. T. Burns Wynn No. 1 H. Williams 
INebraskanen circ tue cee nesee . Clay Bridwell Meyers No. 2 C. Thompson 
DewaWODk Citys. ctu k..a le pltoep Clay Shell Oil Co. Coleman No. 1-A Calhoun Co. 8. L. 
Srautar sp 2 ees Sega eo ae  Peaeee to Clay Continental Oil Co. Spring No. 1 Bee Tee: 
Wirorshayn en cociuretee tak ote sve. caek tons « Clay Gulf Oil Co. Scaling No. 1 T. & N. 0. 
TSA RSS Seat as fe en an Lerma 8 Cooke Texas Co. Bindel No. 1 Hughes 
Texas Co. Flietman No. 1 W. Simpson 
Ws Dunnl ates ero ote sas cere Cooke J. Anderson Osburn No. 1 B. Sullivan 
IM AIRODAS cate rei ae an ee naka Cooke Harvey Drilling Co. Wilson-Ware No. 1 W. W. Crisp 
Burk Royalty Co. Wilson No. 1 A. C. Bailey 
Harvey Drilling Co. Wilson-Ware No. 1 W. W. Crisp 
arSOM RI ay ee cts es ates Montague | Benson & Benson Seay No. 1 J. P. Owensby 
Superior Oil Co. W. D. Seay No. 1-A A. B. Morton 
VOWED eee pee HOR IR octane ote Montague | United-Continental _ Custers No. 2-B J. McKnight 
Chapmen & McFarlin.............. Montague | Chapman & McFarlin Fowler No. 1 J. W. Massie 
Clingingsmithicn. . cee. 228s. bans Montague | Sinclair Prairie Clingingsmith No. 1 Belcher Sub’d. 
Seitz.....:...---+:.-------+-+:-..-| Montague | Lesh & McCall Davenport No. 5 J. Fitch 
LOBED UMNmIE tere cates ieee twas Montague | Continental Oil Co. Winder No. 1 Limestone Co. 8S. L. 
RHOMAS HME iene Tee 7 AR uaa Montague | Shell Oil Co. Thomas No. 1 Kaufman Co. 8. L. 
TIM at Rest h gn cae once wie Oee ine Montague | W. H. Gant et al. Turner No. 1 E, T. R. R. Co. 
Montague | Gibson & Jennings Howard No. 4 Kaufnian Co. 8. L. 
. A. Wichit Deep Oil Dev. Co. Bradley No. 4-E J. Beckman 
K. M.A 1On te P. isle et al. L. A. Sisk No. 2 Denton Co. 8. L. 
@onsolidated Ss... 220 toes rasan geet Wilbarger | Consolidated et al. Ancell No. 4-B Hag: 
Electra (Ellenburger)............... Wilbarger | Magnolia Petr. Co. Waggoner No. 65 H. & T. C. 
[abit CL nn eaacite Coane Ee matctiC Wilbarger | Big Six Oil Co. Schaffke No. 1 Bid LP) C 
Big Six Oil Co. Cochran No. 1 M. K. & T. 
Big Six Oil Co. Orr No. 1 H. & T. C. 
Rock Crossing (Ellen).............. Wilbarger | Phillips Petr. Co. Waggoner-Bates No. 10 | H. & T. C. 


eo ees Se ee Se 
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TABLE 2,—(Continued) 


Discoveries, Extensions, and Important Wildcats Drilled during 1941 


Initial 
peal pg al Choke re 
i i Depth _ | Total Surface Bean, Remarks 
Prowacig Rormetee Completed | Depth} Formation Horizon |_______|_ Fractions ’ 
Tested : of an Inch 
Oil, U. 8. 
Bbls. 
Mississippi lime 4,927-4,949] 5,055 | Permian Mississippi | 59, 16 hr. | Pumping One well only 
Mississippi lime 5,550-5,560| 5,850 | Permian Ellenburger | 316, 2 hr. | Flowing New yey one producer, 
no failures 
Strawn sand 4,016-4,032 | 4,032 | Permian Strawn 119 Flowing New pay, 17 producers, 
; one failure 
Bend lime 5,149-5,164| 5,211 | Permian Bend 8 Pumping New pay 
Cisco sand 1,728-1,735| 1,735 | Permian Cisco 144 Pumping New pay 
Cisco sand 1,543-1,550 | 1,550 | Permian Cisco 52, 16 hr. | 14’’ choke Three producers 
Cisco sand 1,429-1,439 | 1,439 | Permian Cisco 10 Pumping One well only 
Cisco sand 815- 821] 821 | Permian Cisco 5 Pumping One well only 
Bend lime 4,696-4,720 | 5,303 | Permian Mississippi Dry and abandoned 
Bend lime 5,001-5,012 | 5,050 | Permian Ellenburger ’ Dry and abandoned 
Canyon 2,537-2,547 | 2,547 | Permian Canyon 58 Pumping Extension 
Mississippi lime 5,670-5,760 | 6,100 | Per-Pen Ellenburger | 1203, 9 hr.| Flowing ee no failures 
in Miss. lime 
Bend lime 5,451-5,480 | 6,168 | Per-Pen Ellenburger 54 New pay 
Strawn sand 3,792-3,885 | 5,393 | Per-Pen Bend 60, 3 hr. Ha rae New pay 
Mississippi lime 5,905-5,967 | 6,088 | Per-Pen Mississippi | 73,3 hr. | Flowing ~ producer, two 
failures 
Bend lime 5,776-5,792 | 6,098 | Per-Pen Ellenburger | 75,3 hr. | 14’’ choke Two producers, no fail- 
i ures in old field 
Mississippi lime 6,158-6,283 | 6,837 | Pennsylvanian | Ellenburger | 138, 3 hr. | 34’’ choke i producers, no 
ailures 
Bend lime 5,588-5,630 | 5,630 | Pennsylvanian | Bend 104, 8 hr. | Flowing One producer, no fail- 
ures 
Ellenburger dolomite 5,780-5,792 | 5,792 | Pennsylvanian | Ellenburger | 112, 3 hr. | Flowing New pay 
Strawn sand 1,885-1,896 | 1,896 | Comanchean | Strawn 234 Pumping Six oS vesdanent, no fail- 
Ellenburger dolomite 3,242-8,247 | 3,247 | Comanchean | Ellenburger 105 Flowing Additional pay 
Strawn sand 2,309--2,320 | 2,320 | Comanchean | Strawn 10 Pumping One producer, no fail- 
ures 
Strawn sand 2,221-2,227 | 2,227 | Comanchean | Strawn 72 | Pumping Six producers, no fail- 
ures 
Strawn sand 2,065-2,086 | 2,086 | Comanchean | Strawn 15 Pumping Additional pay 
Strawn sand . | 2,360-2,380 | 2,381 | Comanchean | Strawn 96 Pumping Additional pay 
Bend conglomerate 5,752-5,762 | 5,789 | Pennsylvanian | Bend 96, 8 hr. | Pumping po producers, no 
ailures 
Bend conglomerate 5,839-5,850 | 6,017 | Pennsylvanian | Bend 116, 8 hr. | Flowing lente pay 
Strawn sand 2282-2 290 3,612 | Pennsylvanian | Strawn 648 14’’ choke New pa 
Strawn sand 4'840-4.857 6,008 | Pennsylvanian | Ellenburger | 96, 244 hr.| 34’” choke One elect no fail- 
ures 
Bend conglomerate 6,119-6,131 | 6,131 | Pennsylvanian | Bend 154, 3 hr. | Flowing Five producers, no 
rasta! 
Strawn sand 2,471-2,484 | 2,502 | Comanchean | Strawn 250 14’’ choke New pa: 
Bend lime 6,233-6,243 | 6,610 | Comanchean | Viola 464 2064’ choke so producer, no fail- 
Strawn sand 3,023-3,045 | 4,646 | Comanchean | Ellenburger 64 Pumping Gar producer, no fail- 
ures 
Bend lime 6,222-6,234 | 6,248 | Pennsylvanian | Bend 80, 5 hr. | Flowing One producer, no fail- . 
ures 
Strawn sand 3,930-3,940 | 4,514 | Comanchean | Cambrian 187 One producer, three 
. : failures 
Bend lime 3,963-3,992 | 4,495 | Permian Ellenburger | 50,3 hr. | 14’’ choke New pay 
Cisco sand f 98- 100} 100 | Permian Cisco 4 Pumping One well only 
Ellenburger dolomite 4,369-4,381 | 4,381 | Permian Ellenburger 102 Pumping Three producers, no 
2 4 failures in Ellenburger 
Ellenburger dolomite 2,992-2,996 | 3,001 | Permian Ellenburger 64 Flowing Two producers, no 
y failures in Ellenburger 
Canyon sand 3,165-3,182 | 3,182 | Permian Canyon 122 Pumping Six ak Devaar, no fail: 
Canyon lime ’ | 3,271-3,281 | 3,886 | Permian Strawn 38, Lhr. | Flowin Additional 
Canyon lime 3,306-3,310 | 4/412 | Permian ¥, "176 | Pumping __| Additional pay 
Ellenburger 3,805-3,815 | 3,815 | Permian llenburger | 94,3 hr. | Flowing Three producers, no 


failures in Bolt 


Number of oil wells completed in 1941............. 
Number of gas wells completed in 1941 
Number of oe holes completed in 1941. . 


Oil and Gas Production in North Central Texas in 1941 


By H. W. Imuouz* 


THE effect of new discoveries and devel- 
opment of other pools recently discovered 
is reflected in the increase in production 
from 586,000 bbl. during 1940 to 758,000 
bbl. during 1941 in Coleman County. The 
States Oil Company’s No. 1 Hudson, 
Coleman County, was the discovery well 
- of the Silver field, with a total depth of 

3540 ft.; initial production, 10,000,000 cu. 
ft. of dry gas and 60 bbl. of oil per day 
from the Gray sand, topped at 3482 ft. 
The first well drilled in the new Jim Ned 
field was the Merry Bros. and Perini No. 1 
Greer, also in Coleman County. It had a 
total depth of 3937 ft. and an initial produc- 
tion of 152 bbl. of 42° gravity oil in 6 hr., 
through t-in. choke, from Gray sand 
encountered from 3909 to 3937 feet. 

J. E. Farrell’s No. 1 Rose, Haskell 
County, was a new discovery, around 
which no additional wells have been drilled. 
Total depth was 3002 ft., plugged back to 
2780 ft. to test an oil sand encountered 
from 2663 to 2685 ft., which when perfor- 
ated with 76 shots at that depth was good 
for 85 bbl. of 40° gravity oil. 

In Fisher County, General Crude drilled 
its No. 12 Flanagan to a total depth of 
6746 ft. After plugging back to 4578 ft. to 
test a sand encountered from 4515 to 
4528 ft. it was abandoned as a dry hole. 

Manuscript received at the office of the Institute 


April 30, 1942. : ; 
* Consulting Geologist, Abilene, Texas. 
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The top of the Ellenburger was reported as 
6004 feet. 

Interest in Jones County continued un- 
abated, largely through the development 
of the Wimberly pool in the southern 
part of the county, where five Cisco sands 
are producing. At present the pool has 
been defined on the south and the south- 
west. The structure has 170 ft. of closure; 
the lower limestone pays producing on top 
of the structure and the first pay encount- 
ered, the Akard sand, producing on the 
flanks of the structure. 

Five deep wells were drilled in Stone- 
wall County (H. and T.C. survey)—the 
Shell Oil Company’s No. 1-A Patterson, in 
block D, with a total depth of 6827 ft., dry 
and abandoned; the Shell Oil Company’s 
No. t Rutherford, block 1, with a total 
depth of 6239 ft., dry and abandoned; the 
Leader Oil Company’s No. 1 Bilberry, 
block D, with a total depth of 5700 ft., dry 
and abandoned; Forest Development Com- 
pany’s No. 2 Boyd, block D, with a total 
depth of 4753 ft., dry and abandoned; and 
the Hunter et al. No. 1 Boyd, block D, total 
depth 4757 ft., dry and abandoned. 

J. E. Farrell drilled his No. 1 Tipton 
south of a well that produced from a 
Strawn sand for some time, to a total depth 
of 5202 ft., where it was abandoned. The 
well is in the southwest corner of sec. 43, 
block 19, T. and P. survey, Nolan County. 
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TABLE 1.—Oil and Gas Production in North Central Texas 


g Year hres Total Oil Production, Bbl. 
g Field, County of Dis- | Proved, 
S covery age 
g To End of 1941 | During 1941 
r—) 
LBullAlloorn; Browmfo5 6 0s. arars crcl ble 0, ctel ete cesta ele oiiel e/a) pidi arate cee 1927 100 136,796 2,900 
5%] Byler: Browrsdic scene tee aor disc hae te ia eee ee 1926 290 86,267 8,997 
3 | Byrd: Brownssnc Meme accent eae 1920 250 407/389 1/509 
4::\ (Childress »Browne. cased anene bale ee Oe ee 1927 180 946,187 35,803 
5 |Clark-Butlalo, Brownsie cite tem koieea eee ies te oo nee 1927 460 821,687 14763 
6, Cross: Cut; Brown $2.2 a aeelc cacao e'<iteus« cts tele ne cuake oR ee nO 1921 2,300 6,417,878 90,214 
PE Ey BPO Bhs cee Eee aE ee che ee ee 1925 940 7,903,502 47/454 
8] George; Brownie foe 54s os ote terse oe a aoe RO aaa he ea ees 1927 200 844,932 34,098 
9; | Smith-blliss Browhic cate ce esac ast ete en, ee eee 1926 450 2,394,635 49/351 
LOn| Stover’ Brown /,e0ees etd ee Be De a ee 1926 | 1,500 7444732 131,949 
41 Others; Browse ioc. eke, Mecsas coe eee Se ee ney 5,595 216231859 53,997 
12 Total Brown! County Gvece sca othe Nomese oat ee rte teers even eee 12,265 30,896,864 471,035 
13. | Battin, (Calbahcancese <2 (cet oy so eee hte ee Ae ee eae 1925 500 886,639 6/451 
14" |' Matchett: Callahan cahar k,n eee tore ee eee es 1927 375 1,450,719 29/162 
15:|| Iecnhours Callahan’ recosucs. wehbe he ois elt ae eo eae 1923 600 2.261.478 38,898 
16" Mouteay \Callahariy Stns Pee he ok eee ee ee ee 1926 400 2'629:230 60.651 
170\ Othats, Callahan’. teehee eek ee ee 9,515 7,652,973 226,893 
18 Total: Callahan Couttyasss.hios AO AO 11'390 | 14,881,039 362,055 
19!:|' Burkett; Coleman; Shallow 2s <¢c:ses onan nee, bn ace Sete tee omeleton aioe 1924 850 2,454,636 64,067 
BO tes Dect ince. ati ln an fiahs ica Aaa oh git ae 1930 200 712'523 11/822 
ZileDibrolls Cokemana:e.antt, Gecko: coe oath octane kittstaaate mene te 1927 170 491,734 30,969 
22M Wastland | Colsitcie seisaetyattrae date wipe) relate iether teers 1928 270 2,104,565 35,158 
2riJennihgs, Coleman coer cn sem ascot tele ada tore on s ciac oa ete eee ete 1927 135 498,356 14,622 
ali Overall Cobeinant: soe i Lies onda eon ae Rn Seas eee 1926 200 1,342,978 41/524 
25 Panta AHO. COLMAN snes Usman cot eit oink eee hier teen eas Reet epee 1922 150 465,878 2,967 
26 | Stewardson, Coleman... 6.5 ccs cise donc ce eee vices fy tee Ae eens Oe ..| 1930 200 439,223 11,841 
27 | Others, Coleman......... . 985 2,885,596 545,784 
28 Total Coleman: County se ee eee & Aine oe eae een ee 11,395,489 758,754 
29) \Othersh Comanche ee shynns- co oatk roe e nate tae eee Re ee eh ee eee 1,693,488 97,009 
30 | Desdemona, Eastland, Erath........-. 0.00.0. 00. 0e seve eevee evee eee 1918 | 6,175 |  23,422'608 139/801 
Lae burn sHasiand cea chen asc cee eaters or etc ee 1919 400 1,128,753 8,837 
32.|| Mangnm: Rastand: sa. ons + ose cicae emt tts Uae are ee aa tach sata 1922 300 923,779 22,213 
BS PHIONGor Hashlands a2) caw ade, fa eo Ae eee ieee ies cere 1919 1,400 5,621,365 54,711 
948: Others cBasland. cay coh sty oA tne Meek ee eae ov BPM Ses 67,554,198 669.724 
35 Total Maelland County ence, Hit) en ee ee 75,228,095 755,485 
ED MORAL Fake, os ices ap ON pun ae een cae a noe raene 1934 100 103/331 10,096 
OTs) ovation, Misha. on. TAA Aeghti Peaninal Saar bc ccaeey eee 1928 | 2,900 |  11,220;474 491/977 
38: Rotan (Robinson); F teen sows, otises seat <a care tee ae mee ce Crean ec Lode: 640 1,173,735 145,247 
B0ill Rotany Bonnett Meshansissuns dsc gat biokei in Ree: eee hae 1937 80 60,926 9/219 
40 Total Rasher County/acee sed oe a OE Pee Pee ae eee 12,558,466 656,539 
AL \Othoras Haskell 29. #00 WASOR, Se ak Re RG eee cece EOE "191,613 13,082 
AD Alara Tone vig see pete, tose eis Pcs hate Me ee Ae ees PIL ORR 200 185,173 117,098 
48 SILA VOR; CTUD J ONe Neh he. telrat ses Sebastes ith ate mtlona eee ee 1938 640 1,685,823 463,998 
44 \'Avooa: Olandarin ones theta road sana, AA es See ee ee 1936 640 1'819/208 462/347 
45 | Dorsey, Hawley, Jones 1935 600 | —3,152:159 121,395 
M6 MOuitan Lawlay, Toten. «.3ie- cba inebcaccoutplacs dtance Oe. Romie 1936 400 790,001 40,290 
47") Ervin, Noodle Crock; Fonet:. .Scvcr ce. cccss de> sco tear dacns onsite Bak 1937 500 280,539 80,884 
Ai \Depinge, Jisiee 24 Si yc dasha ee erat tan ites das acta 1934 160 598,501 12/839 
40 il Tretia, ai onan oak ty cea ae nett Meets pee meen ots oy ge Say. 1936 800 1,506/931 396,840 
BOANGodle Craaks ones eeiran eh cat RA PERE ena Oe ee 1927 | 1,030 7,059,898 180,760 
Wi: WiaSinmswones se che Steen lect e teh cee 1932 640 2'087,352 325,918 
2 l'Bandy, Ridueplonasa.satrsin che ok ks taka ce ee TORS 450 367,803 62/496 
BScl:Stefenst Jonas 04 ce, tot orc Sere Pee Nat kee a pall OR7 640 591,920 227'332 
BE Others, Joneses. cots ee ee 7” 415/829 142/961 
55 Totals OneRCOUntY: «eo ik, certs npr Pet RE oon 6,700 | 20,541,227 | 2,635;153 
56 | Bluff Creek, Shackelford. . =e 1930 040 3,530,246 "217;303 
57 | Cook, Shackelford... 1925 | 1,460}  17,108/400 588,670 
58 | Frye, Shackelford. . 1925 "15 337,099 6441 
59 Hope, Shackelford. . 1923 220 1,361,006 52/374 
OV Ebex) Sickel lords ki le eye ee a 1921 | 1,240 2,480,828 20,455 
Gia | Toys Shachel ford ony hues mediate dices Ve TERIAL ool okt ete oh thee Hie ae 1937 700 1,525,639 438,567 
62 | Newell, Shackelford... PF ete RT ee ee 1925 640 916,563 42/982 
63 | Simmons-Harvey, Shackelford............... 00... 0s sse se veeee see 1925 160 420,569 23,393 
GL) |MPannshill Ghackslford.eositen: ceo Nao mack: moe oo ook 1927 300 2,536,804 99,994 
A5 sh Others, Shaskel ford. .5 nde new. crease ike Pinme cond ecead le eek e 127125/171 603,138 
66 Lobal' Shackelford County. tinct ack eae eee atc eee 42'342'325 | 2,093'317 
OZal Stephens, County's. 5. cow Manes ota) ok cman Gar mai oasis Na iy 128/343,104 | 1,1637449 
8:1] Sedu wall’ County. shal, ceivehcn conch ceene oc ae ee ee "126,980 "36,884 
69 Taylor County... ewcseswesnsstssevarseverscssuieseesevunsaeuteuey 531,143 128'863 
ie DCEO ION COND UY its arora s+ elm or ark i eatin eat a RL OTe EMR ne aie 3,566,077 175,089 
72 
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Number of Oil Producing Formation 
& [endfor Gas Wells, | Character of Oil, 
g ao. Gravity A.P.I. at 
2 Be Weighted < i as : Depth, Ave ak cated 
verage ame e@ aracte’ Hl i cture 
| Producing Oile ‘ : : Fi. oe 
4 
1 it 38 Fry Pen 8 1,150 ML, N 
2 24 39 Fry Pen S 1,300 ML, N 
3 10 37 Bend Pen L 2,450 A 
4 112 35, Childress Pen 8 800 ML, N 
5 36 42 Fry Pen 8 1,150 ML, N 
6 149 40 Cross Cut Pen 5 1,200 ML, M 
7 100 42 Fry Pen § 1,300 ML,N 
8 30 39 Fry Pen 8 1,300 ML, N 
9 37 41 Fry Pen 8 1,300 ML, N 
10 159 41 Blake Pen 8 1,200 ML, N 
ll 
12 
13 15 39 Cross Plains Pen NS] 1,700 ML, N 
14 94 38 Moutray Pen 8 400 ML, N 
15 136 37 Isenhour Pen 8 700 ML, N 
16 77 37 Moutray Pen 8 500 ML,N 
18| 1,302 
19 173 34 Burkett Pen S 400 ML, N 
20 19 41 Cross Cut Pen $ 1,550 ML, N 
21 14 42 Gwinnup Pen 8 1,900 ML, N 
22 28 42 Gwinnup Pen 8 2,000 ML,N 
23 26 39 Fry Pen S 1,950 ML, N 
24 12 42 Strawn Pen 8 2,000 A 
25 10 39 Fry Pen 8 1,500 ML, N 
26 15 39 Fry Pen 8 1,450 ML, N 
27 50 
* 138 
29 
30 66 Desdemona Pen 8 2,750 A 
31 3 37 Bend Pen L 3,100 MN 
32 35 38 Strawn Pen § 1,200 N 
33 50 41 Caddo Pen L 2,450 AF 
34 359 
35 
36 1 Saddle Creek Pen L 3,670 ML, N 
37 117 39 Camp Colorado Pen L 3,100 A 
38 35 38 Camp Colorado Pen L 3,500 MN 
39 1 39 Pen L 3,600 MN 
H 
42 11 39 Bluff Creek Pen 8 2,200 A 
43 64 39 Strawn-Canyon Pen L 3,200 A 
44 54 39 Strawn-Canyon Pen L 3,200 A 
45 79 39 Six Cisco Pen 5 1,900-2,300 A 
46 67 37 Cook _ Pen L 2,000 A 
47 10 39 Four Cisco Pen L,8 2,350-3 000 A 
48 | 18 39 King Pen 5 040 A 
49 87 39 Bluff Creek Pen Ss 1,900 : ML, N 
50 83 38 Camp Colorado Pen L 2,500 MC,A 
51 50 41 Cook Pen 8 1,950 y 
52 21 37 Bluff Creek Pen § 1,900 
53 30 37 Bluff Creek Pen Sy) 1,900 ML, N 
35 
56 214 37 Bluff Creek Pen 5 1,600 N 
57 327 37 Cook Pen 8 oe Mi, I 
o8 5 a Be Pen 5 1,500 ML’ N 
59 39 37 Ho Pen iy Reed me 
60 17 39 Caddo Pen b aie sean - 
61 72 39 Strawn-Canyon Pen é ; Mi N 
62 85 37 Tannehill Pen .) 1,100 x 
63 19 39 Bluff Creek Pen S 1,700 Maen 
64 84 38 Tannehill Pen Sy 1,150 ; 
65 
66 
67 
68 
69 
70 
71 


¢ Footnotes to column heads and explanation of symbols are given on page 250. 


Oil and Gas Development in the Texas Panhandle in 1941 


By Henry Rocatz* anp H. W. McCvuet 


Oil.-In the Texas Panhandle, during 
the year of 1941, 647 oil wells were drilled 
with a total daily initial production of 
133,435 bbl—that is, 145 more oil wells 
than in the previous year, with a decrease 
in total daily production of 5752 bbl. On 
Dec. 31, 1941, a daily allowable of 116,766 
bbl., which was an increase of 27 per cent 


Manuscript received at the office of the Institute 
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* Consulting Geologist, Amarillo, Texas. 

+ Columbian Fuel Corporation, Amarillo, Texas. 


over 1940, was assigned to the field to be 
produced from 5182 wells. The total 
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ere 


amount of oil produced for the year was — 


27,904,846 bbl., making a cumulative total 
of 404,657,324 bbl. during the past 20 
years. 

Gas.—During the year, 52 gas wells 
were drilled, having a combined open flow 
of 2.62 billion cu. ft. per day—that is, 
40 less than the number of wells drilled in 
1940, with an increase in the open flow of 
217,100,000 cu. ft. per day. The gas 


TABLE 1.—Oiul and Gas Production in the Texas Panhandle 


Oil-pro- 
Area Proved, | Total Oil Production,| Total Gas Produe- Number of Oil A iarros 
Acres Bbl. tion, Millions Cu. Ft. and/or Gas Wells ms afl 
1941 
County During Number 
1041. | Endof 1941 | won 
‘ : ; 
Oil Gasb | To End of} During | To End During | 23 > 
4 ih ke 1941 1941 | of 1941 1941 32 3|E ee wo | wo 
Z we 33 /3/8/80 6 |8 w |S 
we) a/3 a2 i=] Se Ss 
gf BE |8| 3 |22|e2|33| = ge 
| ga 83/5 |2 \S2| £5 | £5] 2 [ES 
1| Carson....... 1921] 19,570] 247,194] 38,929,174] 3,336,866 1,016} 53} 12} y | 542! 347] y| y 
2| Gray........ 1925] 59,805] 227,127]184,754,144]12,861,106 2,838]258| 20] y | 2,275] 232] y| y 
3} Hansford. . . .|1937 0 0 0 1] 0} O] y 0 0} Oo} 0 
4| Hartley...... 1928 0| 29,491 0 0 4) o] Oo} y o|. 4-0: 
5| Hutchinson. .1922] 64,793} 217,071]155,342,146| 9,921,193 2,987|308] 21] y | 1,769} 356] y| y 
6| Moore....... 1926] 640] 432,130] 5,138,284] 171,605 457| 36] 0} y| 21) 416] y| y 
7| Potter....... 1919 0| 144,786] 33,822 0 54] 0) 0} y 0} 45] of} o 
g|Sherman,....|1938] 0 0 0 4) of ol y| of ol yl y 
9| Wheeler...... 1925] 8,250] 153,768] 20,459,754] 1,614,076 811] 43} 4 
10} Total...... 153,058] 1,451,567|404,657,324|27,904,846]10,055,451/688,195,955| 8,1721698| 57 ; 5014 Lay 4 : 


» Footnotes to column heads and explanation of symbols are given on page 250. 


466 


HENRY ROGATZ AND H. W. McCUE 


production for the year was 688,195,055,000 
cu. ft. and the total gas removed from the 
ground during the past life of the field was 
about to trillion cu. ft. No additional 
gas acreage was added to that listed in 
1940. 

Pipe-line Gas.—The pipe-line companies 
withdrew 281,251,481,000 cu. ft. of gas (a 
daily average of 770,552,000 cu. ft.). The 
total yearly withdrawals by pipe line 
increased 17,470,285,000 cu. ft. from those 
of 1940. 

Natural Gasoline-—Throughout the year, 
38 gasoline-extraction plants processed 
1,489,746,000 cu. ft..per day, a total of 
543,757)380,000 cu. ft. for the year. This gas 
yielded 320,478,396 gal. of natural gasoline. 
The total daily capacity of all the plants is 
2,434,400,000 cu. feet. 

Carbon Black.—Twenty-nine carbon 
black plants operated during 1941, burn- 
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ing 289,189,086,000 cu. ft., or a daily 
amount of 804,138,000 cu. ft., and produc- 
ing approximately 425,000,000 lb. of carbon 
black for the year. 

Refineries—Runs to the six operating 
refineries for the year of 1941 amounted to 
approximately 17,500,000 bbl.—a daily 
average of 47,945 bbl., or an increase of 
7159 bbl. per day over 1040. 

Storage.—The oil in storage decreased 
173,083 bbl., from 2,005,655 to 1,832,572 
bbl. The total storage capacity at the end 
of the year was 14,468,500 barrels. 

New Developments.—The Stinnett pool, 
in western Hutchinson County, was ex- 
tended one mile northwest, adding about 
600 proven acres. 

The Huber Carbon Co. development 
work extended the Borger pool, Hutchinson 
County, to the southwest, adding 1280 
additional proven acres. Production is 


TABLE 1.—(Continued) 


Reser- 
voir 
Press Charact : ‘ Deepest Zone Tested 
ih hy of Oil Producing Formation to End of 1941 
Sq. In. 
© Depth, 
2 Avg. Ft 
s Hoe Z 
ES a Oe Name Agee a g _ Name é 
E Sef8| 8 Ste. 32| 2 st 
&| = |zoales 2 Sl welfs2le™| s ere 
2] 2 |EcSles é glae siz eels S 2 as 
S| 8 |6eFige 8 [gees |g+Fie< a as 
Big Lime series (Wichita)| Per-Pen | D, DA I 
1 430 39 10.06 ' A 4 
Granite wash (Cisee) Pen GW_ |x|8,000 | 8,040 | 40 | AF | Granite wash (E Zone) y 
Big Lime series (Wichita)| Per-Pen | D, DA 3,100 | 3,150 | 50 | AF 
2 430 39 10.04 LA ja ; : 
Granite wash (Cisco) Pen GW 2,850 | 2,880 | 30 | AF} Granite wash (E Zone) y 
Big Lime series (Wichita)] Per-Pen ae 
3 430 Granite wash (Cisco) Pen GW |e £ | a | AF | Big Lime series 3,311 
(Wichita) 
la Lime series (Wichita)| Per-Pen Hie 
4} 480 : 
Granite wash (Cisco) Pen GW |« x z | a | AF) Granite wash (E Zone) y 
5 430 35 0.08] Big Lime series (Wichita) | Per-Pen | L £ 00. fel 40 | AF | Arbuckle 1383 
6 430 31 .|0.08] Big Lime series (Wichita) | Per-Pen| D z | 3,400 "2 | 2 | AF| Arbuckle 8,013 
pean wash (Oe) a) ops GW 
r-Pen 
3 = * . eee a GW ey 2 az | a | AF | Granite wash (E Zone) y 
8 430 Big Lime series (Wichita) | Per-Per | D z z a | a | AF| Arbuckle 5,138 
430 37 |0.04| Big Lime series (Wichita) D x | 2,400 | 2,480 | 30 | AF | Arbuckle 2,957 
: Granite wash (Cisco) Per-Pen | GW 


yo} } I 
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from a very porous arkose and white 
dolomite. 

A new pool was opened 5 miles southwest 
of the town of LeFors, in Gray County, 
known as Little Seminole. This discovery 
added 480 acres of dolomite production. 

Wildcats —Eight wildcats were com- 
pleted, none of which discovered oil or gas 
in commercial quantities. They were dis- 
tributed among the following counties: 


OIL AND GAS DEVELOPMENT IN THE TEXAS PANHANDLE IN IQg41I 


Hale, 1; Hemphill, 1; Bailey, 1; Motley, 1; 
Sherman, 1; Potter, 3. 

The Indian Territory Illuminating Oil 
Co. completed a third test on the Stratford 
dome in southwest Sherman County. 
Total depth of 4o14 ft. was reached, 
placing the bottom of the hole in the upper 
part of the Mississippian. The well was 
plugged back for gas in the lower 
Permian. 


Oil and Gas Development in South Central Texas for 1941 


By Witiram H. Spice, Jr.,* Memper A.I.M.E, 


THE area on which oil and gas develop- 


~ ment is reported covers 30 counties, which 


are included in the Texas Railroad Com- 
mission’s District No. 1. This area not only 
includes the old established Balcones fault- 
line group of producing fields but also 


- includes the southwest extension of this 


trend and some of the deeper Wilcox 
(Eocene) exploratory development. (Fig. 
is) 

_ In the old Balcones fault-line zone, three 
new fields were discovered during 1941. 
These fields are comparatively small, 
producing from Dale limestone or Austin 
chalk. No new fields were discovered during 
the year in the Edwards (Lower Cretaceous) 
limestone horizon. One new shallow field 
was discovered in the Reklaw (Eocene) 
sand horizon and, in the southwestern 
part of the district, one oil field and one 
gas field were discovered in the Navarro 
(Upper Cretaceous) sand horizon. An 
extremely important extension was made 
to the one producing Wilcox (Eocene) field 
of the district in the Washburn Ranch field 
of La Salle County. 

The district produced 6,650,357 bbl. 
during 1941, which was a 12 per cent 
decrease under production for 1940. Ap- 
proximately 4,954,000 bbl. of this total 
production was produced by the three 
Edwards limestone fields, Luling, Salt Flat 
and Darst Creek, the remaining production 
coming from the other 43 active fields in 
the district. In all, 3694 wells were produc- 


: _ ing at the end of 1941, compared with 3559 


wells at the end of the previous year. 
During the year, 139 new producing wells 
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were completed and 29 wells were aban- 
doned in the producing fields. The increase 
in producing wells represents an increase in 
new wells over abandonments in these 
fields, together with a decrease in wells 
temporarily shut down as of the end of 
1941. The majority of production drilling 
was carried on in the following fields; Bee 
Creek, Chicon Lake, Elm Creek, Gas 
Ridge, Pearsall and Tenney Creek. Ap- 
proximately 250 wells were drilled during 
1941, of which 110 were exploratory wells 
completed as failures throughout the 
district. 

Considerable exploratory work was con- 
tinued during 1941 along the Wilcox trend. 
Geophysical work employing various types 
of geophysical methods and leasing activity 
was continued along this trend, particularly 
by the major companies. The significance 
of this activity is apparent from the suc- 
cessful extension and development in the 
Washburn field of La Salle County, where 
several well-developed gas-and-oil produc- 
ing horizons have been developed in the 
lower Wilcox section between 5100 and 
5600 ft. as noted in the following para- 
graphs. Continued exploratory activity 
along this general trend as far as present 
conditions will permit is predicted for 


1942. 


New FIeLbs 


Elgin Field, Bastrop County.——No. 1-A 
Hiram Walker, Marts and Beaven, Inc., 
discovery well of the Elgin field, was com- 
pleted on Apr. 22, 1941, in broken Austin 
chalk from 2820 to 2840 ft., pumping 105 
bbl. per day, 36.8°A.P.I. gravity. The well 
apparently is producing from a crevice in 
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_ the Austin chalk, after being drilled into 
the Edwards limestone and plugged back 
and acidized in the producing horizon. 
Efforts to date to extend the field have all 
been failures. 

Lentz Field, Bastrop County—Furlong 
and Thompson’s No. 1 O. B. Lentz, 
discovery well of the Lentz field, was 
completed on July 14, 1041, from Dale 


_ limestone at 2226 to 2244 ft., flowing 


497 bbl. per day, 14-in. choke, 110 |b. 
tubing pressure, 250 lb. casing pressures, 


_ 36°A.P.I. gravity, after being acidized with 


2000 gal. Credit for this discovery is due 
to subsurface geology along trend to the 
northeast of the old Red Rock prospect. At 
the end of the year, three producing oil 
wells had been completed and the field 
had produced 5660 barrels. 

~ South Dale Field, Caldwell County.— 
Ogden and Riddle Oil Company’s No. 1 
R. P. Copeland, 2 miles southeast of the 
Dale field, was completed during October 
t94t from Dale limestone and Austin 
chalk, from 2018 to 2420 ft. Considerable 
mechanical difficulty has been experienced 
and the well had no production credited 
to it as of the end of the year. The discovery 
is the result of subsurface geology and trend 
drilling and is significant in that it adds 
prospective acreage to the Dale producing 
area. 


Pendencia Creek, Dimmit County —Well- - 


ington Oil Company’s No. 1-B D. J. 
Sullivan, about 12 miles northwest of 
Carrizo Springs, was completed on Dec. 5, 
1941, from upper Navarro sand, 1084 to 
-togo ft., for an estimated open flow of 
1,000,000 cu. ft. of gas, 525 lb. closed-in 
pressure. This well, in drilling to a total 
depth of 3005 ft., encountered several 
‘sands in the Navarro section showing oil, 
which could not be successfully completed 
as productive. The discovery is the result 
of surface geology and is significant because 
of its location on the extension of the 
‘Chittim Arch, a regional structural feature 
~ of Maverick County. As of the end of the 


471 


year, a second well has been located 
2 miles to the south on the same structure. 

Floresville, Wilson County.—H. J. Baker’s 
No. 1 John Myers, one mile’northeast of 
Floresville, was completed on Sept. 10, 
1941, from sand 635 to 640 ft. in the Reklaw 
formation, pumping 3 bbl. per day. To 
date, four additional wells have been 
drilled in the immediate area without 
being successfully completed as producers. 
The significance of this discovery is that it 
is the first production in the district from 
the Reklaw formation of the Claiborne 
group (Eocene). 


EXTENSIONS 


Washburn, La Sallie County—Quintana 
Petroleum Company’s No. 4 (1-B) Wash- 
burn (South Texas Syndicate), about one 
mile southwest of the discovery well of the 
Washburn field, was dual-completed on 
Nov. 6, 1941, from lower Wilcox sand 5509 
to 5582 ft., flowing 405 bbl. per day, 
14-in. choke, 525 lb. tubing pressure, after 
drilling to a total depth of 5725 ft. The 
514-in. casing was cemented at 5723 it. 
and the oil well produced through 2-in. 
tubing with packer, through casing perfora- 
tions 5530 to 5550 ft. The dual completion 
was accomplished by also perforating the 
casing in an upper gas sand from 4820 to 
4850 ft. and producing as a gas well 
through the casing. This gas well tested 
20,000,000 cu. ft. of gas, 14-in. choke, 
1130 lb. pressure, 1840 lb. closed-in pres- 
sure. A third producing oil sand also was 
encountered in this well from 5136 to 
5155 ft. but to date no completions have 
been made in it. The significance of this 
extension is important not only from the 
standpoint of the occurrence of several 
thick producing sand horizons in the lower 
Wilcox of this area, but also from the 
successful dual completion from sands 
about 70o ft. apart, with an adequate gas 
supply for the continued development of 
the field. At the end of the year, a second 
well (No. 5), 500 ft. north of this well, was 
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TABLE t.—Oil and Gas Production in South Central Texas 


; f duction 
Area Proved, | Total Be roduc duction, | Number of Oil and/or Gas Wells | Methods, 
Acres . Millions End of 
Cu. Ft. 1941 
During Number 
Field, County 1941 | End of 1941 | of Wells 
s on 
4 Ee To End During ze\y 1 rd z we |b 
ke i b om a S = 
| 4. | Of | G98) cries: | 1041 lastlee Joel ele sale fe alae 
Z Sis SS/f-4|ag| a] 3 Se] 5. [2 ts ee 
z g3 ealee| eal 6 | 4 |ga| Ssleals| 8 
Ra pA £s\8=|88| 8/2 EB ESECE| & 
1| Alta Vista,! Berar........ 1912} 300 0 124,097 3,341; 0] 0 41, 0} O| 0 41] 0] 0} 41 
2| Bee Creek, Caldwell...... .|1.40 280 0 159,104) 112,054) 0} 0 28) 15 0 0 28} 0/0 28 
3] Branyon, Caldwell....... 1930} 900 0 2,748,032} 262,966) 0 | 0 185) 0} 1] Of} 152) Oj] 0} 152 
4| Buchanan, Caldwell... ... .|1928 250 0 428,328 26,048} 0] 0 41; 0 5 0 23; 0)0 23 
5| Burdette Wells, (N. E. 
Luling), Caldwell.......|1936) 200 0 58,421 1,304 0 | 0 12 Oo) Oe 2} 0/0 2 
6 Byersville, 2 Williamson....|1933| 370 0 547,768 22,953} 0 | 0 47; 0] 0] O 41) 0] 0) 41 
7| Carrizo, Dimmit......... .|1941 20 0 5,218 5,218} 0/0 210.070: 1 O.4ek 0 
8} Carroll, Bastrop.......... 1932 100 0 101,547 0} 0; 0 OP AON ite 7 0; 0; 0 0 
9| Cedar Creek, Bastrop... . .|1932 100 0 285,394 10,237} 0) 0 13) 0] 2] 0 8} 0;0 8 
10| Chapman, Williamson..... 1928} 400 0 4,354,016 65,983} 0 | 0 70; 0}; O| O 70| 0)0)| 70 
11} Chicon Lake, Medina 430 0 79,040 16,437) 0} 0 82) 16 0 0 81; 0/0 81 
12 huge rags ai 4 ies ioe 4 4 1] O 1 0 0} 0| 0 0 
13| Dale, Caldwell............ 1,548,019 6 
dl et Whatiee or utes 240| 0 sae] of of] 8] 4] 1) 0] 83 oO] ol) 
15 North (Bateman)... |1941 320 0 14,984] 0| 0 12| 0 2 0 4, 0/0 4 
16 Bouthiees. Boe et seieae 1937 10 0 0 0} 0/0 Lied 0 1 0} 0} 0 0 
17| Darst Creek, Guadalupe... .|1928| 1,920 0| 50,496,516] 1,787,515} 0 | 0 362} 5] 0} O|} 350) 0} 6 344 
18) Darst Creek kxtension 
(Clark), Guadalupe...... 1935} 200 0 379,623 13,892} 0] 0 Tt) Oi).3 foo 5} 0) 0 5 
19| Day, Guadalupe......... .|1940 20 0 575 (1) 20 7-2 °0 0} 0} 0 0 
20| Dunlap, Caldwell......... 1930) 120 0 355,456 13,789} 0] 0 14) BR) poheO 7; 0/0 7 
21) Dunlay,? Medina......... 1938 30 0 1,988 0} 0} 0 1} O| O} 0 0} 0/0 0 
22) Wekert, Bezar............ 1927 850 0 911,279 29,311; 0} 0 121; 0 0 0 111] O.] 0} as 
23] Elgin, Bastrop. . 1941 10 0 3,565 3,565} 0 | 0 yy 2 0 0 1) 0/0 1 
24) Elm Creek (Lavernia), 
Guadalupe............. 1939 400 0 24,497 18,196} 0 | 0 47) 16 0 0 31) 0/0 31 
25] Floresville, Wilson........}1941 By 0 0 0) 0| 0 a} cd 0 1 0} 0; 0 0 
26] Gas Ridge, Berar.........|1912 150} 150 83,771 12,654) y | y 128) 39 0 0 63] y | 0 63 
27| Hilbig, Bastrop,..........|1932 260 0 1,633,390 81,914) 0} 0 12} 0 0 0 12} 0/11 1 
28) Jones, Bexa?. .. os. ..<02. 1921 20 0 2,717 566} 0) 0 3} 0; 0 1 2} 0/0 2 
29| Kimbro, Travis. . 1935 40 0 3,719 250) 0| 0 4) OO 4 3} 0) 0 s 
30) La Coste (Fairfield), Bexar .|1939 40 10 3,837 932) y|y 5} O|; O 1 1; 0/0 in 
31| Larremore, Cal Idwell.......|1927 80 0 341,667 16,807} 0| 0 18; 0] 0} 2 10}; 0] 0} 10 
32| Lentz, Bastrop.. ort HLG4t 30 0 5,660 5,660} 0 | 0 a ..3 0}; 0 3) 0.4 2 
33] Lone Oak, 3 Berar......... 1934 10 0 4,485 0|} 0; 0 bi Gag 2 50 0; 0;] 0 0 
34 Breen) Caldwell and Guada- 
TUDE San tyeitiad ceases 1921} 2,200 0| 76,828,674! 1,923,780} 0 | 0 606} 0; O} 1] 582) 0} 0} 582 
35 Lytton Springs, Caldwell. ..|1925} 1,360 0} 8,584,943 95,890} 0 | 0 167} .0% <2 | SO} 9187} =O Omeaoe 
36] Manda, Travis. . vee» {1985 40 0 20,269 884; 0} 0 3} 0}; O| 0 1) 0/0 1 
37| Manford, Guadalupe. coders 1929 40 0 408,150 6,452} 0] 0 Li O1-OY © pA 1 
38 Minerva-Rockdale, Milam .|1921} 4,250 0| 3,677,689 77,173) 0 | 0 423} 4) 4) 0} 419] 0] 0} 419 
39| Nash Creek,‘ Guadalupe. . 1936 10 0 46,535 0; 0; 0 i ee | Ga 0; 0) 0 0 
40| Pearsall, Frio............. {1983} 800 0 1,501,739] 299,616} 0 | 0 Sa Ta Oe 0 34; 0 j11} 23 
41| Philtop, Bexar............|1988 40 0 7,799 1,216] 0} 0 8} 0} 0] O 4, 0/0 4 
42) Riddle, Bastrop...........|1988 50 0 75,279 14,164) 0] 0 7 0 4e0o)eNO 3} 0/0 3 
43] Salt Flat, Caldwell........ 1928] 1,300 0} 42,507,250) 1,242,052) 0 | 0 298} 0| O}| 5] 273) 0} 1) 272 
44| Somerset, Atascosa and 
Bésatos wes. Lah, ARG at Go 1912} 11,390 0} 10,913,121) 178,193) 0 | 0 915} 0} O| 28} 851) O |14) 837 
45 Southton-Yturria, Bezar. .. {1921 650 0 672,955 19,417} 0] 0 103} 0; O| O 103} 0} 0} 108 
46] Spiller, Guadalupe......... 1938 30 0 17,473 4,538) 0 | 0 6S OOF 40 3} 0] 0 3 
47| Taylor-Ina, Medina....... 1922} 380 0 155,726 2,766} 0] 0 161° Ospe0. 10 8} 0] 0 8 
48] Tenney Creek, Caldwell. ..|1940| 150 0 96,271 92,083} 0] 0 24; 22} 0} 0 24, 0/7) %W7 
49| Thrall, Williamson. . . 41914) 475 0 2,482,296) 21,870} 0 | 0 27 On 0} 0 21) 01} 0) 21 
50) Von Ormy, Besar... .|1933) 650 0 266,653 28,795} 0 | 0 108} 0] O| 2] 106) 0} 0} 106 
51| Walnut Creek, Caldwell... .|1938 50 0 7,172 685} 0 | 0 3} 0; 0} 0 1} 0/0 1 
52| Washburn, LaSalle........ 1940 40/20 25,861 15,355} y | y 8) Bak 04l) <0 Bie Dale 1 
53| Yost, Boaey DRA Ne acre 1928} 120 0 918,148 6,580} 0 | 0 6) Ou O20 4, 0/0 4 
54 Zoboroski, uadalupe..... 1935| 180 0 229,225 19,269, 010 144 0! 0] 0 14] 010) 14 
Gas Onty 
55| Adams (Medina), Medina. .|1926 0) 2,000 0 0 y 58} 0) 0} O 0; 138 | 0 0 
56} Chittim, Maverick........ 1929 0} = 1005 62,045 10,514) y | y 19) 42 set 210: 0} 5 | 0 0 
57| Pendencia et Dimmit. .|1941 0 20 0 Ol viy 1 AOR e6 0} 10) 0 
otal nettien oh atnesut fain 32,670\ 2,300 | 214,216,312] 6,650,357 4,171|139 | 29 | 45 13,694] 20 |54! 3,640 


» Footnotes to saihsies heads and explanation of symbols are given on page 2 
1Includes Dupree. 2 Includes Mathews and Noack. * Abandoned 1940, 4 Rhsutaxal 1941. ®Gas and distillate. 
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TABLE 1.—(Continued) 
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ed te gn Sele eee tha I aaa leer ee 
cre y 
Tessure, Ch: t 
Lb. per | % of Ol Producing Formation Deepest Zone Tested 
Sq. In. | to End of 1941 
3 
& 23 Depth, 
= He Avg. Ft. o 
gle [2 las =| % 
» > + iat) 
=| rete a ne oe Name Age® 5 Suess = 4 > Name Oey) 
“| 3 |S3| 2 fee 8/e° Sel me ele ee Fe 
2) = [BS] SSS cles a| £| a |Selsi} 3 ic 
a] 3 |23| & |62=|38 é| &| &8 |g | 84 & ae 
1 z| y 18 | y | Navarro sands CreU S |15-20 i 
S |15- 220| 250/20 | F |T 
2 yy 39 | y | Dale lime, serpentine CreU LP | Por} 2,050 | 2,240 Int Astin pptnecs 
é : P y ntn | Austin chalk | 2,436 
3 37 
Zl oy 0.8 cee chalk, Edwards | CreU & L} L | Por} 1,816] 2,275) y F | Edwards lime] 2,450 
me 
4) al oy 39 | 0.2} Serpentine CreU P| 12] 1,750] 2,075 i 
. , 5 A I 
5] 200) 28 | 0.8] Edwards lime CreL L |Crev| 2'210| 2'235| 15 i a oe 3490 
6 z| y|RP| 37 | 0.2! Serpentine CreU P 20 850} 900 Intn | Ed i 
: J 1 2 
3 yoy 30 | y | Navarro sand CreU Ss 26 | 2,294] 2,298 4 MC ee en 3190 
a4 zy 36 | y | Serpentine CreU P | 12} 2,300) 2,378) 78 | Intn | Edwards lime | 2,919 
: 00; y 35 | 0.2) Serpentine CreU P |15-20} 1,650) 1,700) 50 | Intn} Edwards lime | 2,300 
0) 400) y 36 | 0.2] Serpentine CreU ip 20 | 1,750) 1,915} 20 | Intn | Edwards lime 3226 
11 z| y 21 | 0.1) Navarro sands CreU § 15 260] 750] 20 D | Edwards lime] 1,725 
2 a} oy 34.5) y | Edwards lime _ CreL L | Por] 6,167] 6,182) y F | Edwards lime| 6,340 
4 150) y 37 | 0.2] Dale lime, serpentine CreU LP} 15} 1,915) 2,250) 30 | Intn| Edwards lime | 2,661 
15 
16 y| y y | y | Dale lime, Austin chalk | CreU L,C} Por | 2,018} 2,420 F | Austin chalk | 2,420 
17] 350) 36 | 0.8| Edwards lime Crel, L | Por | 2°650|2°700| 30 | F | ‘Travis Peak | 5/509 
200) y 33.6] 0.5} Austin chalk CreU C | 5-25) 2,375 | 2,450/100 F | Edwards lime | 3,200 
19 mee, 36 | y | Austin chalk, Buda lime | CreU & L} CL| Por | 2,337 | 2,685 F | Edwards lime} 2,830 
20) 400/ y 36 | 0.6| Austin chalk Grell | C'|Grev| 2°300| 2'375| 15 | _F | Edwards lime | 2'420 
21 y\ oy 21 | y | Serpentine CreU Pp y 542| 714) y | Intn} Austin chalk 851 
22 yl oy 34 | 0.3] Navarro sands CreU s 16 620} 790] 10 F | Edwards lime | 1,590 
yl oy 36 | y | Austin chalk CreU C |Crev] 2,820} 2,840} 20 F | Edwards lime | 3,352 
24 yl oy 41 | y | Navarro sands CreU SH | Por 700| 850) y T | Navarro 850 
25 yl) y y | y | Reklaw sand Eoc Ss y 635| 640) y y | Reklaw 662 
26 a| y 22 | 0.4| Navarro sands CreU § |15-20 230] 760] 15 A | Travis Peak 3,460 
27/ 1,240; y | PM| 37 | 0.2} Serpentine CreU 12 12 | 2,450} 2,575} 50 | Intn | Edwards lime | 3,250 
28 z| y y | | Navarro sands CreU SH | Por 600 Z| 2 T | Edwards lime} 2,008 
29 al oy 36.5| y | Serpentine CreU Ps) Por 660} 670} y | Intn| Edwards lime | 1,280 
30 aly 28 | y | Anacacho lime CreU L | Por} 1,150)1,190} y N | Austin chalk | 1,227 
31 a) Yy 23 | 0.6] Edwards lime CreL L 30 1,285 | 1,315] 35 F | Travis Peak 3,360 
32 y| oy 36 | y | Dale lime CreU L_| Por | 2,226} 2,244) 18 F | Austin chalk | 2,453 
33 al 2 33.4] y | Navarro-Taylor CreU SH| Por | 1,480.) 1,620} 18 F | Edwards lime | 2,250 
34| 1,500) y 27 | 0.9| Edwards lime CreL L 25 | 2,100} 2,200) 50 F | Schist 7,859 
35} 1,250] y 37.5| 0.4] Serpentine CreU P 12 | 1,535 | 1,820|/300z | Intn | Edwards lime | 2,050 
36 a) y 34 0.4! Serpentine CreU P |15-25 720|. 757| «x | Intn | Taylor 850 
37) 1,250) y 37 | 0.9} Austin chalk CreU C |Crev| 2,260} 2,310} 30 F | Edwards lime | 2,800 
38 a) y 38 | 0.2] Navarro sands CreU SH | Por 600 | 1,700} 15 T | Glenrose 5,000 
39} 340] y ae 0.8 tales oo ou a For at epee 15 F | Edwards lime} 3,342 
y avarro san reU ‘or 5920 | 3,950) 15 . 
40) 1,500) y yee a) hasan cual Grote bh CulePan ile 6-400 5.860) 2s) [2 Jp revis Beak sj 10,050 
~ 41 az) y 23 | y | Austin chalk CreU C | Por | 1,100 y Fog y 
42 az) y 39 | y | Austin chalk, serpentine | CreU CP} Por | 1,667}1,747) y F | Austin chalk | 1,777 
43/1,200) y 36 | 0.6] Edwards lime CreU L 30 | 2,670) 2,740) 25 F | Edwards lime} 2,918 
44) 300) y 36 | 1.4] Navarro-Taylor sands | CreU SH} 22] 1,200/2,100} 30 | TF | Travis Peak | 5,311 
45 a) oy 32 | y | Navarro sands CreU 8 16 600} 800) 10 F | Glen Rose 3,850 
46 a) o 38.3] y | Buda lime CreL L | Por |} 2,012) 2,298) y F | Edwards lime | 2,382 
47 a) y 18 | 0.5] Navarro sands CreU S |15-20 { es aun if FT | Edwards lime | 2,048 
48 a| y 35.5| y | Austin chalk, Buda lime | CreU &L| CL| Por | 2,340} 2,703) 60 F | Buda lime 2,708 
49| 400) y 37 | 0.3] Serpentine CreU 12 25 700} 1,000) 75 | Intn| Travis Peak | 3,290 
50 a) y 34 | 0.4] Navarro sands | CreU SH| 10 506] 730] 20 F | Edwards lime | 2,835 
51 | -y 36 | y | Serpentine CreU P | Por | 1,230/1,336| y | Intn| Edwards lime | 2,600 
52 y| y 41 | y | Wilcox sands Eoc tS) 22 | 5,512 | 5,578) 66 y | Edwards lime | 11,042 
53} 400) y 27 +| 0.3) Serpentine CreU P |15-25} 1,335/1,500)100 | Intn| Edwards lime | 2,600 
54) 150) y 30.4! 0.8) Austin chalk CreU Cc 10} 2,050! 2,200! 75 F | Edwardslime 2,600 
Gas Onty 
55) x Navarro-Taylor sands | CreU SH | Por : au yl oy F | Edwards lime | 2,289 
56 a) oy 42-44) y he Edwards, Glen | CreL L } Por | 3238 yl y A | Travis Peak | 7,635 
ose , 
57 y| y Navarro sand CreU S | Por | 1,084 yl oy y | Taylor 3,005 
ee ee ee ee ee 
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completed as an oil well in sand from 5498 
to 5559 feet. 

Also of interest in the future develop- 
ment of this field was the drilling of No. 
3-A Washburn by the same company, 
about 34 mile northwest of the discovery 
well. The No. 3-A well was drilled to a total 
depth of 11,042 ft., encountering the top 
of the typical Edwards limestone at 10,580 
ft. and ending in a black limestone which 
has been correlated with the lower Cre- 
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taceous section of Mexico. Tests on the 
section below 5700 ft. showed gas and: 
distillate, but the well was plugged back 
and completed as a flowing fresh-water 
well in the Carrizo sand at 3500 feet. 
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Oil and Gas Development in South Texas during 1941 


_ By Micuer T. Harsoury* Memper, and James J. Hapouty,t Stupent Associate A.I.M.E. 


DRILLING activity in the South Texas 
area, which includes the South Corpus 
Christi and Laredo districts, showed a 
marked decline during 1941 from that of 
the preceding year. The rate of new dis- 
coveries, however, compared favorably 
with exploratory results of 1940 because 
of the many new productive sands opened 
in existing fields. South Texas completions 
for 1941 were about 12.3 per cent below 
the 1940 figure, compared with an increase 
of approximately 5.5 per cent in the total 
number of completions in the United States 
during 1941 over the 1940 total]. During 
the year, 1452 wells were drilled in this 
area; of these, 1205 were drilled in or as 
extensions to the proven fields, and 247 
were rank wildcats drilled in search of new 
producing pools. The comparable 1940 
figures were: 1320 field or extension wells 
and 336 rank wildcats, a total of 1656 
completions. This represents a decline in 
1941 of approximately 8.7 per cent in 
proven-area wells, and of about 26.5 per 
cent in rank wildcats. It must be stressed 
that wells that were considered rank 
wildcats at the beginning of operations, but 


_which opened production later classified 


ne 2th 


as additions to existing fields, are not 
regarded as rank wildcats in this and 


‘previous annual reports on this same area. 


These wells are classified as semiwildcats 
(Table 2). There were 13 new oil or distil- 
late fields and 4 new gas areas opened 
during the year, as listed in the next 
column. 


Manuscript received at the office of the Institute 
March 24, 1942. . 

* Consulting Geologist and Petroleum Engineer, 
Houston, Texas. ; ; 

+ Senior Student in Geology, University of Texas, 


- Austin, Texas. 
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. Discovery Well 
Field County Broduced 
rt. Agua Prieta.:..; Duval Oil 
2. East Benavides...| Duval Oil 
3. Coquat-Lopez*...| Duval Oil 
4. Government Wells 
Weguacc.cus as Duval Oil 
emdAdOGi sc vercniee ence Duval Distillate and gas 
6. Chaparosa....<.. Jim Hogg | Gas 
Ta INGUD ANS. oi<:.%s <2 Jim Hogg | Oil 
8% Palacios*®-smes.b. Jim Hogg | Gas 
9. Ranmivez*... 6.5... Jim Hogg | Gas 
Io. Sun-Jones*...... Jim Hogg | Gas 
11. South Campana. .| McMullen] Oil 
£2. VY tutrial tence sees arr Oil 
3. North Sun...3.... Starr Oil 
t4, Haldeman....... Jim Wells | Oil 
I5. West Alfred 
(New) ite shes Jim Wells | Oil 
16. Petronilla........] Nueces Oil 
r7. Banquetté..: a5... Nueces Distillate and gas 


* Not officially named. 


This listing represents a decline of 32 per 
cent from the 25 new areas found during 
the previous year; and to a great extent 
can be attributed to the 26.5 per cent 
decline in wildcatting. The rate of new 
discoveries based on the 247 wildcats was 
14.5 to 1, which compares somewhat 
unfavorably with the 13.4 to 1 ratio 
obtained in 1940 (Table 5). Dry wildcats 
totaled 230. The proof of the prolific char- 
acter of. the South Texas area as a source of 
petroleum reservoirs is to be found in the 
fact that of the 1205 field or extension 
(semiwildcat) wells completed during the 
past year 61 opened production from new 
sands or found crude in formerly distillate- 
producing sands. The 1940 total of 1320 
such wells accounted for 50 horizons that 
provided either new production or crude 
in distillate sands, and in this respect the 
1941 rate of discovery shows to greater 
advantage, the ratios for new sands being 
19.7 to 1 for 1941 and 26.4 to 1 for 1940. 
The 1205 field or semiwildcat wells com- 
pleted in 1941 resulted in 926 oil or dis- 
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TABLE 1.—Oil and Gas Production in South Texas 


[= =a=nTTcTE ETc 


or Proves. Total Ma iia Surface Data eye? Bah ee 
Dur- 
ing End of 1941 
Field, County 1941 
Average =e 
: To End of | During Eleva- Surface =I 
“#3 Oil = 1941 1941 tion, Formation | o, 22 
S > g Feet wee so AS = % 
g 5 20 B= | 3 | #e/ 2528 
3 oon 45 | 3 |-3e/Sals 
A oe al Bea | & |Selesise 
: a4] |B FE| F |E8|Ealze 
te A rat s) S& (él ie 
1] Adami, Webb.......... 1939 400 10 389,082 143,088] 326 Frio 72 0 0| 66] 0 


2| Agua Dulce,! Nueces...}1928) 2,760|11,600) 1,362,497 514,935) 100 Beaumont 208; 875 | 105} 66) 7 


| 
3| Agua Prieta, Duval... .|1941 20 0 4,058 4,058) 425 Goliad 1 uf 0 1} 0 
4| Albercas, Webb........|1927 250} 200) 2,530,003 13,921 840 Goliad 100 0 Oo} 15) 8 
5] Alfred,? Jim Wells... ..|1938 500 0 367,739 166,769 193 Lissie 24 4 oO. 21) 8 
6| Alice, Jim Wells....... 1938} 1,280} 400) 2,521,809 504,834 240 Lissie 76 2 7 «+53) 1 
7| East Alice (Tom Gra- 
ham), Jim Wells... .|1938 750) 360) 1,195,933 390,239 209 Lissie 49 3 11} 36) 0 
8} Alta Mesa, Brooks..... 1926} 1,150} 350) 1,013,426 269,810 275 Sand Dunes 44; 14 0} 33) 3 
9| Alta Verde, Brooks*... .|1936 100 60 30,867 250) 370 Goliad 6 0 0 0} 0 
10} Alworth,4 Jim Hogg. ...|1926 80} 570 27,793 0} 490 Cata.-Frio 16 0 0 0} 0 
11| Andrews, Zapata...... 1924 0} 2,000 Gas 720 Frio 12 0 0 0} 0 
12| Angelita, San Patricio. .|1934 60 0} . 36,798 0 60 Beaumont 3 0 0 0} 0 
13} Aransas (gas) , San Pat- 
TICOS,  anioicameasols 1931 0| 760 Gas Gas 60 Beaumont 19 0 0 0) 23 
14| Aransas Pass (McCamp- 4 
bell), San Patricio and 
Aransas, 75 oN reise 1936] 3,200} 450) 10,685,115 | 2,021,159! 10-30 | Alluvium 362 4 26| 227) 5 
15] Armagosa, Jim Wells. .|1931 0} 400 Gas Gas 300 Goliad 6 0 0 oO} 56 
16] Arroyo Grande, Starr. .|1924 0} 320 Gas 250 Jackson 8 0 0 0} 0 
17| Aviator, Webb....... . .|1922 955} 320) 6,080,009 97,889 860 Goliad 216 0 0} 73) 0 
18} Baffins Bay, Kleburg.. .|1940 20 0 5,610 Sea Level Submerged 1 0 0 0} 0 
19} Baldwin (South Saxet), 
IN ALOCAB) elo ots loca oie 1935 270} 40 841,076 79,575 50 Beaumont 9 0 0 8] 1 
20} Bandera, Jim Wells... .|1938 0 80 1 ,987y y| 256 | Lissie PA) Pe ian) 


+ Footnotes to column heads and aie of symbols are given on page 250. 


1 Includes North, East and South ( 
2 Includes West Alfred. 

’ Temporarily abandoned. 

4 Depleted. 

5 One deepened well. 


ullivan) Agua Dulce. 


yi bia 
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TABLE 1.—(Continued) 


—e—e—e—e—e———————————— eee ee 


an a 
production aracter : : 
Methods, End of Oil Producing Formation D ape fone 
Number Depth, 
of Wells | kar Ft 
e Gravity 
& aa at < 
0°F., ame Agee Porosity? e 
3 8° | Weighted ; Zi 2 3 Newne 
=I Average = ; o 2 : 
E| bo a 2 : 3 3S ae se £ ‘SE, 
Bare |e. | 8 2 fel Bslful € Pay 
- 3| & | Se] 4 5 ee Se eee a3 
S| & | a4 |e 5 Beat hen ae ae 
; 1 0 66 20.8 Mirando Eoc |S Por 975|1,000 7 ML | Yegua 1,517 
Gas Catahoula Olig |S 1,998/2,400 | 10 
55 Frio Olig |S 4,650/4,675 9 
35.4-59 | Frio Olig |§ 4,800|4,900 | 15 
56 Frio Olig |S 5,081|5,088 7 
¥ 37.5-59.7| Frio Olig S!( ave. }} 5285/5807 | 10 
a 6+ Tio ig Moe 5,560|5,700 | 15 
= 2) 65 1 | PM) < 42'8-60._ | Frio Olig |$}/ 39 (| 5:830(5,850 | 20 |7AF | Yegua 13,728 
55-60 Frio Olig |S 6,447|6,740 | 15 
a 39.8-50.9| Frio Olig |S 6,800/6,9388 | 15 
5 38.6-56 | Frio Olig |S 6,997/7,054 | 18 
= 40.2 Frio Olig |S 7,100/7,123 | 20 
é 56 Frio Olig |S 7,200|7,220 | 20 
4 3 1 0 46 Pettus Eoc |S Por 4,708|4,720 | 12 | NFy | Yegua 5,025 
4 4 0 15 20.4 McElroy Eoce |8 Por 2,125|2,175 | 17 MF | Yegua 3,710 
2 f ae Pe ee = eee 3,225/3,234 | 11 |) 
2 47. rio ig ‘or 4,194/4,206° | 12 
5 19) 2 1 48.5 | Frio Olig |S| Por | 4304/4313 | 9 pe Jackson 6,535 
2 41.5 Vicksburg Olig |S} 30-35 | 4,660/4,695 | 15 
3 42 Frio Olig |S 28.7 | 3,480/3,600 | 16 
fa ( 38.9 ee Olig . Ss ae chalet ll 
. 40 rio ig or 5,030]5,16 12 ; 
p 8 SL) 2|PMiy 44g | Frio Olig {S| Por |57211|5;223 | 12 | PANE | Yeaua 7,835 
44-60 | Vicksburg Olig |S Por | 5,350/5,375 | 20 
43.6 Vicksburg Olig |S Por 5,45015,576 | 20 
e pS ne : oo ee 3,496 | 15 l 
5 TiO ig or ,675|4,700 | 10 . 
Geese, 8. | 2M { 56 Frio Olig |S! Por |5'125/5175 | 12 lee Vicksburg | 5,760 
42.6-56 | Frio-Vicksburg Olig |S Por 5,300|5,400 | 18 
Gas ee aes on 2 ae re 1,140 | 20 \ 
24.5 atahoula ig or | 2,434/2,600 | 12 
g .2) al 24.5 | Catahoula Olig |$| Por | 2’986/3;025 | 10 ee Jackson ene 
25.5 Catahoula Olig |S Por 8,475/3,585 | 20 
9 0 0 21.5 Caprock Mio |§$ Por 916} 926 | 10 Ds_ | Jackson y 5,096 
10 0 0 21 McElroy Eoc |S Por 1,020}1,030 6 | ML | Yegua 2,199 
11 0 0 Gas ceeead ois : For rane Ea 5 | MF | Yegua 2,312 
38 rio ig or F 382 | 10 : 
12; 0} 0 { 36 Frio Olig {S| Por | 6,225|6235 | 10 \ NFL ge 7181 
= 13; 0 0 Gas’ _| Catahoula Olig |S} Por |3,653/3,663 | 10 | D_ | Frio 6,026 
49.3 Marginulina Olig |S 6,539|6,554 | 15 
Z ~ 42.4 Frio oe 5 ac ae a 
38.8 Frio ig ,080)7,18' 1 z 
14) 165 | 62 41.2 | Frio Olig | S| 725-244 | 7200/7'270 | 15 | 7 AF | Frio | ve 
58 Frio Olig |S 7,34517,419 | 15 
56 Frio Olig |S 7,45417,461 7 
15 0 0 Gas Discorbis-Het. Olig |S Por 2,170/2,680 | 10 D Yegua 6,315 
Gas Jackson Eoc |S Por 435| 450 8 
16 0 0 Gas Cook Mt. Koc |S Por 2,120|/2,161 | 12 |} MF | Mt. Selman | 4,015 
Gas Mt. Selman Eoc |S Por | 38,208|3,214 6 
rg 0 73 21 Mirando Koe |S Por 1,525]1,660 | 11 | MfL Cook Mt. 3,975 
18 0 0 39.3 Frio Olig |S Por 7,394|7,450 | 10 | AF | Frio 9,428 
Gas Oakville Mio |S Por | 3,230|3,250 | 12 : 
19 0 8 25.9 Catahoula Olig |S Por 3,874/3,880 6 |}AF | Frio 6,610 
23.3 Catahoula Olig |S Por 4,050/4,074 | 12 
20 0 0 Gas—56 | Jackson Olig |S Por | 6,408/6,416 8 | AF | Yegua 8,302 


™ 


a at a ha la a Bl Ni 


AG 


Completed to 
End 


Number of Oil and/or 
Gas Wells 


End of 1941 


of 1941 


Producing Distil- 
late and Gas 


Producing 
Crude Oil¢ 


Completed 


to 
bo 
bo 
=] 
i—) 


_ 
=~ 
co 
So 
_ 
o 


278} «3 6] 225) 5 


72] 14 2] 65] 5 
3] 0 2} 11 07 
aloes 1. 2l om 
3} 0 o| oO} 1 
1] 0 o| Oo] oO 
5 
ul 3 1} 10] 0 
d 
ul 6 o| 10) 0 
142] 1 o| 60] 1 
2} 0 o| 1] 0 
1] 0 of 1} 0 
17 0} 6] oO 
38) 4; 6] 6m 


70} 23 | | 55] 9 
9 0] Oo 0 
si} 8] of 76 4 
3} 3 }> Ol ore 
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TaBLE 1.—(Continued) 
a ee ea SS eee 
Area Proved, | Total Oil ee Surface Data 
Acres 
Field, County 
Average 
; To End of | During | Eleva- Surface 
re Oil % 1941 1941 ae Formation 
Ss eet 
q zg 2 
bey we a6 
Zz © 8 =hS 
E Be Ze 
5 SA Aas 
21|Banquette, Nueces..... 1941 0 80 y y 80 Beaumont 
22| Barbacoas, Starr...... 1933 80} 580 35,817 744) 360 Goliad 
23) Benavides (North Swe- . 
den), Dural......... 1937} 3,900] 600) 10,620,374 | 1,562,764] 350-450 | Goliad 
2 4| East Benavides, Duval. |1941 20 0 8,761 8,761; 350y | Goliad 
25] Ben Bolt, Jim Wells....|1939| 2,400} 280) 1,619,535 782,181 196 Lissie 
26] Bird Island, Kleburg. . .|1938 40 80 38,040 14,217) Sea Level Submerged 
27 Compe (Murall a), 
WAL Saas a bale ae eels 1939 60 40 38,627 12,797) 490 Goliad 
28 Bi Uribe, Zapata... .|1934 0 80 as as 500 Jackson 
29] Blucher, Jim Wells... .|1939 0 40 3,461ly y| 140 Lissie 
30] Boyle, Starr.......... 1940; 200} 20) ~- 96,183 71,484] = 275 Goliad 
31] Bridwell, Duval........ 1940] 200} 20 74,409 62,015} 425 | Goliad 
32] Calliham (includes 
South Calliham), : 
McMullen.......... 1918} 500) 730) 935,957 55,100} 235 =| Jackson 
33] Camada, Jim Wells... .|1939 40 0 4,328 513] 287 | Lissie 
34 Soa McMullen. . .{1938 10 0 512y 201) 494 | Lagarto 
35 aH Pear peel 
Bieta 1941 120} 20 17,345 17,345} 525 | Lagarto 
36 Ow a ee (West 
atte a Jim 
CWiheareittn ciel 932 120) 520 527,738 44,214) 140 | Beaumont 
37| Carolina-Texas, Webb. .|1921 110} 1,460 264,884 132} 800 Goliad 
38] Casa Blanca (includes 
West Casa Blanca), 
Diieal ei, ok Adam wae 938} 500} 120) 504,404 159,853} 460 Catahoula 
39] North Casa Blanca, 
aL teCatetees 2 icles 939 100 0 93,811 34,022} 460 Catahoula 
40| Cedro Hill, Duval...... 1938 760; 40 517,681 273,991; 542 Catahoula 
41| Chaparosa, Jim Hogg. .|1941 0} 40 Gas Gas 700 =| Catahoula 
42) Chapman Ranch, 
UOOER oss a issttare' veins 1937 100 80 57,058 13,276 50 Beaumont 
43] Charamousca (includes 
South Charamousca), 
DUUlis Badenaeeuas 1935 410 0 646,051 186,221] 410 Catahoula 


yh ee Ce 


& | Line Number 


bo 
bo 
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err ee 


479 


ate a 
production aracter 5 , 
Methods, End of Oil Producing Formation Desnst eee 
Number Depth 
of Wells | Ave. Ft. 
3 Gravity 
a as at <3 
fs) he ame Agee Porosity? oo N. 
to | Weighted : Phe, 4/3 oe 
g Average ia : S01) Cele “8 
wig) g 3 z.| ae bee) 3 ia 
E | Se | & g Hel sg leu) 8 ag 
° 63 a Be} Q S > > z lS) 
gE |=5\2 8 ES| s8 5| & 8 
Gas—58.6] Frio Olig|S| Por | 6,705|6,714 | 9 . 
\Gas—66 Frio Olig |S} Por | 6,978|6,983 | 5|s 4 | Frio 7,588 
Gas Catahoula Olig |S Por 200) 715 | 10 
1 0 Gas—24.9] Frio Olig |S Por |2,450/2,950 | 15 |}AF | Yegua 6,567 
58 Cockfield Koc |S Por 5,376|5,898 | 22 
41.8 Cole Eoc |S 3,840)3,975 | 22 6 
42.9 Chernosky Eoe |S 4,357|4,552 | 15 
Gi (ect was [ES (8) on )(deetae | 
; ower Govt. Wells OC ‘ 830 | 25 
138 | 87 39.6-60 | Pettus Boo |8|/ 5, \|5,310|5,382 | 22 |7AF | Yegua 6,510 
45 Yegua Koc |S 5,486/5,518 | 17 
56 Yegua Koc |8 5,584/5,594 | 10 
65 Yegua Koc |8 5,721|5,749 | 20 
i 0 43 Govt. Wells Eoce |S Por 4,915/4,940 | 20 | AF | Yegua 6,510 
42.5 | Frio Ole (s| Por [4’o00le'930 | 15 
. Tio ig ‘or 90 
65 | 0 42 Frio Olig |S] 32.7 | 5,174|5;317 | 15 | (ANZ | Jackson 6,140 
42.5 Vicksburg Olig |S Por 5,370)5, 671 | 15 
1 0 44 Frio Olig |S Por {7,200 re 310 | 80} AF | Frio 9,636 
2 0 43-46.1 | Pettus Eoc |S Por 4,683} 4,822 8} MF | Yegua 5,807 
0 0 Gas Yegua Eoc |S Por 1,825]1,840 | 15 | ML | Cook Mt. 3,000 
0 0 54 Vicksburg Olig |S Por 7,500|7,560 | 20 A Vicksburg 8,004 
Gas-dist. | Frio Olig |S Por | 2,850]2,855 | 5 
9 1 47.7 Frio Olig |S Por 3,149/3,186 | 15 |}AF | Jackson 4,520 
44 Frio Olig |S Por 475} 3,503 | 12 
10 0 43.5 Pettus Hoc |S Por 4,292)4 335 10 | MF | Yegua 4,657 
20 Mirando$ Eoc |S} Por 848] 876 | 15 ; 
0 60 20.6 Gov. Wells—Pettus® | Hoc |S Por | 1,030}1,060 | 10 |} MF ‘| Carrizo 5,301 
Gas Loma Novia Eoc |S Por 1,221]1,250 | 10 
1 0 44.3 Chernosky Koc |S Por 5,627|5,637 | 10} NL | Yegua 7,041 
0 1 24 Govt. Wells ae : ne yn ber ch MF | Pettus 3,102 
Gas Govt. Wells 0c ‘or As) ( 
6) 0 { 22.8 | Pettus Boe |S| Por | 3,012|3,023 \ Mr Yegus 3,590 
Gas Frio Olig |S} Por |3,893/4,000 | 6 
5 1 36.4 Frio Olig}S]} Por {5,850/5,370 | 20 |+AF | Jackson 6,500 
41.4 Vicksburg Olig |S} Por |5,679|5,685 | 7 
Gas Cole Eoc {8 Por 1,270|1,305 | 10 
Gas McElroy Eoc |S Por 1,800/2,200 | 10 j 
0 0 34 Cockfield Eoc |S} Por |2,597/2,615 | 10 }+DF | Queen City | 5,527 
27.6 Yegua Koc {8 Por 2,94713,198 | 18 
1( 42-60 Queen City Eoce |S Por 4,996]5,056 | 60 
; 2 Cole? Eoc |S| Por 994)1,045 | 10 
oF 66 { 30 Cole Eoc |S| Por | 1,180|1,190 | 10 \ ML Yegua 2,212 
0 9 20.8 Cole Eoc |S Por 1,030)1,059 9] ML | Jackson 1,788 
16 60 19.2 Cole Eoc |S| Por aaa ie 2 MFL | Yegua 2,646 
G Upper Govt. Wells Eoe |S Por | 2,781/2, 
a eg { Geen lianaiCert: Wella oh Boe 18) Por |2,e5bia,ses:| 40.) 5 Mle Pettus 3,465 
27.9 Catahoula Olig |S Por 4,244/4,279 | 10 ‘ 
0 2 40.8 Catahoula Olig |S Por 5,046/5,058 | 12 |+NL | Frio 7,750 
41.8 Frio Olig |S Por 6,464/6,484 | 20 
2 Col Eoc |S Por 1,094}1,101 7 
47| 30 { Heal tere Eoe {S| Por | 1,525/1,581 | 10 \ ME Cook Mt. | 3,892 


7In South ep aera 


8 In Calliha: 


9In West ore Blanca. 


6 Also lensed sands are found at 3495-3510 ft. in two wells (40.4 gravity oil) and at 5067-5123 ft. (44.2 gravity oil). 
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TABLE 1t.——(Continued ) 


i a 


Area Proved, | Total Oil Production, “ears Number of Oil and/or 
eer, Bbl. Surface Data Gas Wells 
Dur- 7 
ing End of 1941 
Field, County 1941 
Average aan or 
é To End of | During Eleva- Surface r=] 
Oil K 1941 1941 tion, Formation eu z 4 
g is B Feet we] ao | UO] wt 2 
g 5 20 B-| 3 |fo/ #628 
z ae as 22| 2 |23|S3/e 
: a) | Bs Bz| 2 |33/Se lea) 
3 i a oF) So ea er ee 
Charco Redondo, . 
a pee = rs Bonet 1913 570 60 195,624 5,566 450 Jackson 340 12 0 21 0 
45} Chiltipin, Dural... ... .|1989 60 20 29,024 14,915 393 Goliad 6 2 1 3] 0 
46| Clara Driscoll,9¢ Nueces}1935| 2,550) 400} 4,292,829 | 1,205,183) 50-80 | Beaumont 176) 39 7| 132) 12 
47| Clark-Muil, Jim Wells. |1939 80} 100 44,119 2,949 191 Lissie 8 0 2 0} 0 
48| Clopton-Green, Starr... .|1937 0 10 Gas 275y | Goliad 1 0 0 0} 0 
Cole Group, Duval, ; 
Wep0;-o eateries Loos 700-800 | Goliad 
49 Shallow (includes ‘ 
East Cole)...... 1924 120} 7,000 7,810 3,976 780 Goliad 112 5 0 2| 62 
50 O'Hernivteseees 1927) 2,300} 2,200} 10,749,772 952,441 780 Goliad 274 0 0} 190) 17 
51 Bruni (includes : 
East Bruni)..... 1934 880} 160} 2,822,667 54,801 780 Goliad 62 0 0} 26) 1 
52| West Cole, Webb...... 1927 500} 1,000} 4,637,729 207,633 790 Goliad 126 0 0} 68) 6 
53] Colmena, Duval...... . 1934 240) 400 474,674 79,217; 600 Catahoula 36 0 0} -26) 4 
54| Colorado, Jim Hogg. . .|1936} 1,860 40! 1,926,143 941,960} 550 Catahoula 192} 75 0} 186) 1 
55| Comitas (Haynes), 
ODA a viene asi ake 1934 750 40} 1,698,234 169,106 415 Frio 196 0 0} 148) 0 
56] Conoco Driscoll, Duval. |1924} 1,340} 980} 3,839,999 894,404 600 Goliad 94 14 hi Ste 
57| Coquat-Lopez,19 Duval. |1941 10 0 7] y| 680 Goliad 1 1 0 1; 0 
58| Corpus Christi (Saxet 
Heights), Nueces... .}1935|} 1,500} 200) 6,838,641 94,582} 10-60 | Beaumont 252 1b 4; 19) 0 
59| Crowther,* McMullen. .|1915 80 0 25,000 0} 190 Jackson 23 0 0 0; 0 
60| Cuellar, Zapata....... 1927 340} 220) 2,614,524 20,823 550 Frio 86 0 oO} 24 3 @ 
61] Eagle Hill, Duval...... 1933 550} 200] 1,478,081 262,319] 550 Catahoula 61 0 0} 55) 3 : 
62| Edinburg, Hidalgo... . 1935 20 0 500 0} =100 Beaumont 1 0 0 0| 0 
63| El Mesquite, Duval... .|}1935 10 0 976 0 670 Goliad 1 0 0 0| 0 ; 
641 El Tanque (South Ric- 
aby), Marrs. e.ne. 1937 280 30 415,034 54,823} 285 Goliad 22 0 Oo} 16} O 
65] Escobas-Jennings, 
LOG Fs SS Stale a's 1914} 3,700} 2,000} 9,875,577 691,844] 480-520 | Jackson 538 3 0} 348} 5 
66} Ezzell, McMullen, Live 
Pixccmmatreta ee. 1937} 1,450} 100) 2,464,297 306,297] 140-200 | Catahoula 151 2 0} 128} O 
67| Fitzsimmons, Duval... .|1938 790 0} 2,328,711 561,084| 460 Goliad 79 0 0} 78} 1 
68] East Fitzsimmons, 
MLL A ty Beli tae 1940 10 0 600y y| 420 Goliad 1 0 0 0} 0 
69} Flour Bluff, Nueces..... 1936} 2,280) 320) 6,985,939 | 1,103,835] 0-50 | Alluvium 116 0 7| 99) 4 
70) East Flour Bluff, Nueces|1940 800 40 251,474 217,724} Sea Level Submerged 21) 14 0} 20) O 
71] Gallagher, Jim Wells. ..|1940 60 0 59,472 33,309 75 | Lissie 3 0 0 3] 0 


92 Includes South Clara Driscoll and Gandy (sands at 5440 and 5850 ft.). 
10 Not officially named. 
15 In Jennings. 
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Cates 
production Character é : , Y 
Methods, End of Oil Producing Formation D yo WP ie 
of 1941 
Number Depth 
of Wells | & Ave. Fe 
‘ | Gravity 
& rc ta N 
bd Oe ame Age* Porosity? 2 Nz 
5 = | Weighted Ae 2 |% Pa 
a x ‘g | Average S a eh al ae +3 
E 3 a s iS) = eS y os 
z| 2 +s. | 8 E foledied & e; 
= cae 5. & =| he wp S ee paw) 
piece. | ea |S A SS) sh sa] F aS} 
aie | <= | ts iS) Se lide! earl Obs ar 
17 Jackson Eoce |S} Por 150] 200 | 8 : alae 
a4 as Gas Jackson Koc |S} Por 989} 995 | 5 \ ile Ma oe SOE REL 
45 2 1 49.6 Pettus ’ Eoc |§ Por 4,760/4,795 | 10 | NEF | Yegua 5,410 
Gas Catahoula Olig |S Por 3,250/3,800 | 15). 
23.5 Heterostegina Olig |S Por 3,787|/8,980 | 12 
31.5 Frio Olig |S Por 4,642/4,748 | 10 
46| 89 43 37.3 Frio Olig |S Por 4,986/5,183 | 15 | >AF | Vicksburg 8,194 
34.2-38.6| Frio Olig |S Por 5,255|5,477 | 15 
38.6-58 | Frio Olig |S Por 5,502/5,890 | 15 
38.5 Frio. Olig |S Por 6,487/6,660 | 10 
60 Frio Olig |S Por 4,795/4,835 | 20 
. 47 0 0 40.2 Frio Olig |S Por 5,326/5,330 4 N Vicksburg 5,850 
58 Vicksburg Olig |S Por | 5,557/5,572 | 12 
48 0 0 Gas Cole Eoc |$ Por 1,604/1,614 | 10 | ML | Cook Mt. 4,620 
= Fre Queen City aA 2 7 5,675 ‘6 AF | Wilcox 10,295 
as T1O 1g ‘or 5 
49) 0 | 2u caa0 | Cae Boe |8| Por | 1s0|10 | 10 \ Afb Reklaw 6,394 
29.4 cHlroy (ly ‘or ,300}2,450 0 
Boge 1106 Gas _| O’Hern-Cockfield Eoc |S] Por | 2'750|2.045 | 15 j AFL Reklaw 6,394 
ago al Yoous Eos |8| Por [3400/3450 | 14 
38.5-42.4| Yegua ‘oc | § ‘or ,400/3, . 
bi) 8M 20 { 44 Cook Mt. Eoc |S| Por | 3,938/3,973 | 15 | (AF | Wileox 10,295 
46 oe City og : Se ae ie a 
215 cElroy oc |& ‘or 2,300|2,350 - 
$2) 0} 68 { Gas _| Cockfield Boe {S| Por | 2900|2'925 | 10 \ ML Queen City | 5,525 
53 1 24 18.9 Cole Eoc |S Por 1,486/1,553 | 10 ML | Yegua 3,396 
54) 164 22 47.2 Cockfield Eoc |S Por 3,000/3,050 | 10 | ML | Yegua 3,442 
55 0 148 20.6 McElroy Koc {8 Por 800) 1,000 | 10} ML _ | Cook Mt. 3,502 
22.5 Frio Eoc |8 Por 2,448/2,535 | 20 13 
56] 58 9 23.4 Cole Eoc |S Por 2,884/2,904 | 10 |+NL | Cook Mt. 4,695 
36.4 Govt. Wells Eoc |S Por 3,250/3,561 | 15 
57 0 il 20.6 are eS ne : For ae L706 ¥ ML | Cole 1,705 
25 atahoula ig or : , i 
Bey 16 | 8 { 36.5 | Heterostegina, Olig |S} Por | 5,157|5,167 | 10 \ A) Fao 7,531 
59 0 0 18 Pibol eee 5 Se : ce : oan i ML | Cook Mt. 2,000 
Gas cElro: 0c ‘or ‘ ,116 
60} o| 24 a) Mey meee Por 1308 130 i \ ML Mt. Selman | 4,532 
19 Cole Eoc |S or 1,450/1, 
61] 0 | 55 os Govt. Wells Boe [S| Por | 2'130)2'150 | 11 \MF Yegua 2,752 
62 0 0 y Frio Olig |S Por 6,685/6,770 | 20 D Frio 7,508 
63 0 0 43 Cockfield Eoc |S Por 2,850/2,862 | 12 | ML | Yegua 3,502 
Gas Catahoula Olig |S Por 425) 429 4 
64 2 14 31 Frio Olig |S Por 1,702|1,775 | 14 NL | Jackson 2,700 
30 Frio Olig |S a ren ee n 
20.9 Jackson Eoc |S ‘or 9 
65 0 | 348 20.9 Jackson Eoc |S Por 1,137 1350 15 tary Mt. Selman | 4,645 
20.9 Jackson y-Yegua Eoc |S Por 1,450/1,900 | 10 
66 0 | 128 20 Lome Novia Eee : a Meie pay 2 ML | Cook Mt. 3,108 
46 McElroy oc ‘or J i 
Ch { 47 Pettus Boe {S| Por | 4260/4303 | 25 \ ur Yegua 5,285 
0 0 43.7 Yegua Koc |S Por 4,900/4,916 | 10 | MF | Yegua 5,087 
5 84 15 41.5-45.8 | Marginulina Olig 8 Por 6,590/6,696 | 20) AF | Frio 7,504 
ca” oe lhe GRE S| Bor [gueoleaes | 18 |Yeer | pes ae 
39.4 rio ig ‘or ; i 
eo {30:4 _ | Vicksburg Olig {81 Por _{5;74al5.761_| 15 | sNFL| Jackson | 6,260 


11 Jn East Cole. 
12Tn Bruni. 3 
13 Also Oakville gas sand at 500 ft. 
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OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING IQ4T 


a amnEnEEEEaEnSSEEENCISTRREEETTENUAD) (NINEMSN e 


Area Proved, | Total Oil Production, Surface Data 
Acres Bbl. 
Field, County 
Average 
; To End of | During | Eleva- Surface 
hea Des 1941 1941 | tion, | Formaton 
3 b & Feet 
g we 25 
Zz og as 
g 4 2s 
| al a* 
72| Glen-Webb, Zapata... .|1940 690 60} 509,972 400,696} 860 Cata.-Frio 
73| Government Wells,4 
GE WE vee Se hae 1928] 7,500} 600} 48,227,149 | 3,052,350) 500-600 | Catahoula 
74| Guerra (Cuevitas), i 
WOT one obese 1933 400} 400) 1,206,302 93,630) 475 Goliad 
75) Haldeman, Jim Wells. .|1941 20 0 7,136 7,136] 175 Lissie 
76| Hayden, Starr........ .|1937 0 40 Gas 180 Catahoula 
77| Henne-Winch-Farris, 4 
Fs Hogg cen versus 1924 720| 440) 3,214,174 1,917; 640 | Goliad-Cata. 
78| Henshaw, Jim Wells... |1940 30 30 21,925 16,743 120 Lissie 
79| Hoffman, Duval....... 1933) 3,360} 500) 7,392,878 | 2,040,454) 700 | Goliad-Cata. 
80] Holbein, Jim Hogg..... 1940 100 0 38,483 35,892} 840 Goliad 
81| Holland-Hebbronville . 
(Gutierrez), Jim Hogg|1939 10 10 2,199y y| 685 Goliad 
82] Jacob (includes Nort 
Jacob), McMullen. ..|1926| 1,230 80} 1,602,337 115,257 190 Jackson 
83] Kelsey, Jim Hogg, 
Brooks, Starr........ 1938} 2,300) 160} 1,728,321 776,860} 260 Sand Dunes 
84] Killam, Webb......... 1937 650} 150 967,052 157,457| 870 Goliad 
85] North Killam (includes 
Houser), Webb...... 1938 80} 20 48,321 11,347) 914 Goliad 
86| Kingsville, Kleburg. . . .|1920 240! 675 746,934 15,182 50 Beaumont 
87| Kohler (includes North 
(deep) Kohler), Duval|1926 360) 5,000 663,164 22,670} 800 Goliad 
88] Kreis, Duval.......... 1940 160 0 21,002 20,702} 560 Goliad 
89] Labbe, Duval.......... 1934 200) 500} 375,691 74,417) 675 Goliad 
90] La Blanca, Hidalgo... .|1936 0} 3,250 533,540y 7] 65 Beaumont 
91} La Gloria, Jim Wells, 
BYOORE, Ne esc cs 1939 40) 1,360 37,324 15,014) 140 Lissie 
92| La Reforma, Starr..... 1938 40) 120 12,902 2,567; 270 | Goliad 


Number of Oil and/or 
Gas Wells 
Dur- 
ing End of 1941 
1941 
£3 Bah: chem 
oa = 
B2| ¥ [o) xS|e3 
a°| a |88| 33/8 2 
Be) € |SSIBSEIB 
oF) S |= ES & 
75| 27 2} 68) 0 
833 3 0} 643) 6 
21 0 Oo} 13) 5 


bo 
o 
(=) 
(—] 
o 


181 0 0 1; 0 
2 0 1 1; 0 
377; 12 1) 334) 15 
10} 9 0; 10) 0 


to 
o 
o 
S 
_ 


129 2 0} +70) 0 
119} 34 3} 111) 1 
128) 36 0} 89) 0 


~ 
o 
S 
J 
o 


92) 1 1) 11) 17 
sf} 7 Oo) 67 (0 
31; 2 Oo} 14) 8 


rd 


14 Includes Govt. Wells Yegua Area. 
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herd 
production Charact s F 
Methods, End of Ol Producing Formation Mespesy Tone Tesed 
of 1941 
Number 
of Wells | PR 
¢ Gravity 
& ane at 
60°F., i . 
x = | Weighted Name Agee Porosity? 2 |f Name 
g § Average 2 ; 3 Ee illic 
oo | 3 2 3S yon. 2 a 
a q ‘S 8 8 © am Sey 5 4 
o| & | Se] & g Ae} sd esl 6 ag 
a| 8 | $3 | & 3 as|/$5 jee) 8 ac 
=e ee 5 eS] 3h loa] 8 aa 
72 8 60 22.1 Mirando Eoce |S Por 2,160/2,185 | 12) NL | Y¥ 
ee oo Bex Eee 2 = 1,550|1,575 | 17 \ ey te 
.6- ovt. Wells oc |S ‘or 2,200)2,380 | 19 
ii 0 |, 648 26 Mirando Boo |S| Por {2740/2450 | 11.| (NF | Mt. Selman | 5,858 
26-36.2 | Yegua Eoe |S Por | 2,936}2,985 4 f 
34.5 Cole Eoc |S Por 1,745/1,785 | 10 
74 8 5 32 McElroy Koc |S Por 2,047|2,055 8 MF | Yegua 3,600 
34.5 | McElroy Eoce |S] Por | 2,209)2,232 | 23 : 
75 2 0 40.3 Frio Olig |S Por 5,01915,040 | 16} NF | Jackson 6,498 
76 0 0 { Gas Frio Olig |S Por 1,305/1,318 | 13 
Gas _| Jackson Eoc {S| Por | 2,619|2,644 | 25 \ ML Jackson 2,644 
77 0 1 20.2 Mirando Eoc |S Por 1,944/2,100 | 16 | MF | Y 3,546 
la { 8) [Pe Olig |S] Por | 3;780/3'792 | 12 oh 
31.1 | Frio-Vicksburg Olig |S| Por |5,133/5;144 | 10 \NF Vicksburg | 5,885 
26-28 Argo (locally) Eoc |S Por 2,550/2,595 | 20 16 
eo g | a20 20-21 | Govt. Wells Hoc [S| Por |3/050/2'750 | 15 | {NL 
23-25 | Lomia Novia Eoc |S} Por | 2,775}2,900 | 25 Yegua 3,800 
26 Coekfield Eoc |S| Por | 3,142/3,152 | 10 yar 
80 0 10 24.5 Pettus 4 Eoc |S Por 2,793|2,828 | 15 NL | Yegua 3,150 
81 0 0 { 32.6 | Loma Novia Eoc |S} Por |3,217/3,223 | 6 |) yy 
55 Pettus Eoc |$| Por | 37618/3,656 | 15 Yegua 3,731 
Gas Mirando Eoc |8 Por 780} 790 8 
82 0 70 21-5 Pettus Koc |8 Por 920) 975 71+ML | Mt. Selman | 3,171 
20.5 Yegua Eoe |8 Por 1,050)1,070 8 
45° | trio Oke [S| or |aosalaoas | 15 
Tio ig or 1924/4,945 | 15 
esp. 8 42 | Govt. Wells Eoc |S} Por |6,099|6,107 | 3|¢ 4 | Yesua 7,507 
oe a? 8 hen oni oan 15 
= irando 0c ‘or ,920)2,035 | 12 
84) 0 89 | casts ——- ee : ye ee 2,500 | 15 ML | Yegua 3,011 
irando oc or 046)2,096 7 
ae jon Cockfeld Hoc |S| Por | 2:492/2,524 | 23 ML | Yegua 3,060 
‘ iocene io ‘or ,400/2,900 | 20 
poe e ye 6 22° ‘| Catahoula Olig {S| Por . |3:21713:238 | 20/5 DP | Fri 6,922 
21.5 ‘ole Eoc |S Por 1,748]1,850 | 12 
87 3 8 21.5 Govt. Wells Eoc |S} Por | 2,438/2,500 | 12 |+ ML | Carrizo 7,723 
22.5 Mirando Eoe |5 Por 2,613/2,800 | 29 
88 5 2 29.2 Mirando Eoc |S Por |3,204/3,258 9 | ML _ | Cockfield 3,433 
Gas Cole Eoc |S Por 1,872/1,902 | 10 
89 2 12 Gas Chernosky Koc |S Por 2,453)2,460 7 \*ML | Yegua 4,054 
25.4 Loma Novia Eoc |S Por 2,800|2,900 | 19 
a ise Se le| Fe (eae | 8 
rio ig or F : 2 Pain| 
90) 0) O} PMX 4g | Frio Obz (S| Por -|7.840l7'875 | 20|¢ D | Vicksbure | 8,898 
56 Frio Olig |S Por 8,035|8,075 | 25 
55 Frio Olig |S Por 5,912/5,990 | 15 
55 Frio Olig |S Por 6,037|6,182 | 15 
55 Frio Olig |S Por 6,180|6,205 | 18 
aie aie| ie panes |f 
39. Tio ig ‘or " 
oO 1 PMS 55 || Frio Olig {S| Por |6-790/6;820 | 20 |( 4 | Jackson 8,043 
60 Frio Olig |S Por 6,998)7,011 | 12 
56.6 Frio Olig |S} Por | 7,066)7,088 | 20 
55 Vicksburg!” Olig |S Por 7,138/7,168 | 20 
aH fier’ Se] RE itcas | 8 
51.6 rio ig ‘or Y 5 
2 ae 42 Vicksburg Olig |S| Por | 6,140/6,168 | 28 VaR | Jackson y | 7,010 


16 Also gas sand in Frio at 1760-80 ft. 


17 May be same sand. 
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a 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING Ig941T 


Proved, | Total Oil Production, Number of Oil and/or 
pron ee ae "Bhi. tae Surface Data Gas Wells 
Dur- 
ing End of 1941 
Field, County 1941 
Average ee ci 
: To End of | During | Eleva- Surface Fel 
OF sl | Wecieee 1941 | tion, | Formation | o_, Be 
3 is) 2 Feet = 3S Ee] A o = % 
g 5 2? B2| 3 | eel 2688 
3 me a6 Zo) 2 18a] 83/8 
Az Se a — a 33 | Sule2 
g 34 Ze B5| & |23/E5/26 
5 fo) As s) MO seail ees 
93| South La Reforma, Starr|1939 0 40| Distillate y| 308 Goliad 1 0 1 0} 0 
94| Las Animas, Jim Hogg. |1937 50 80 40,298 3,686) 835 Goliad 10 2 0 Litt 
95| La Sal Vieja, Willacy. . .|1936 40 0 17,954 0 60 Alluvium 1 0 0 0} 0 
96] Laurel, Webb.......... 1932 220) 320 691,054 4,078) 760-800 | Goliad 33 0 0 4, 2 
97| Leaseholders,!8 Webb. . .|1922 10 20 25,000 0} 540 Catahoula 3 0 0 0}; 0 
98| Loma Alta, McMullen. .|1935 80 0 146,248 15,734 700 Catahoula 4 0 0 3] 0 
99] Loma Novia, Duval....|1934| 7,410} 270] 25,146,143 | 2,191,586) 630-720 | Gol.-Oak.- . 
Cata. 758 0 0} 585) 4 
100} Loma Valdez, Webb... .|1938 0 10 Gas 808 Goliad 1 0 0 0) 0 
101} Loma Vista, Duval..... 1936 10 10 19,813 60 685 Oak.-Cata. 2 0 0 0} 0 
102] London, Nueces....... 1937 80 40 83,764 14,027 50 Beaumont 4 0 0 2; 0 
103] Longhorn, Duval....... 1938 960 40} 1,556,267 442,926) 374 Goliad 48 0 1),., 42] 20 
104] Lopena, Zapata........ 1934 0} 1,100 Gas Gas 300 Yegua 22) 1219 0 0} 22 
105} Lopez, Webb, Duval... .|1935} 3,450} 240] 11,504,741 | 1,444,326] 600-680 | Catahoula 369 0 0} 315) 2 
106] Los Olmos, Starr. ..... 1925 240; 310 635,397 20,341 225 Frio 110 2 0| 74) 0 
107] Los Picachos, Duval... .|1938 20 0 576 0} 471 Catahoula 1 0 0 0} 0 
108] Luby (includes Luby 
Deep), Nueces....... 1937} 3,000 60] 6,826,121 | 1,387,251 40 Beaumont 152 45 1; 148} 2 
109} East Luby, Nueces. .... 1940 0 40| Included in Luby 35 Beaumont 1 0 1 0} 0 
110] North Luby, Nueces... .|1939 80 0 65,558 29,492 54 Beaumont 4 1 0 3} 0 
111} Lundell, Duval........ 1937 940) 160} 1,086,088 437,740 570 Catahoula 104; 14 0} 94) 8 
112] Magnolia City, Jim 
See eres s 1939 120 80 145,313 35,963 162 Lissie 9 0 4 3] 0 
113) Manila, Jim Hogg..... 1940 230 30 158,513 115,345 615 Catahoula 26; 12 0; 23) 3 
114] Martinez, Zapata...... 1929 0} 850 Gas Gas 700 Frio-Jack. 27 0 0 0| 22 
115) Mathis, San Patricio. . .|1924 0; 100 Gas 90 Goliad 6 0 0 0} 0 
116] East Mathis, San Pat- 
FIO Dorenes cio 1939 60 40 14,995 7,521 134 Beaumont 3 0 0 Lime 
117] McAllen (Pharr), 
daly eae taciin ws 1938 0} 360 15,826 4,995 127 Beaumont 3 1 3 0} 0 
118} McBride, Webb........ 1940 0 40 Gas 800y | Goliad 1 0 0 0} 0 
119] Mercedes (Capsillo) , 
Adal gO Weitere sas 1935 0} 560 169,525 6,998 60 Beaumont 7 7 0' 60 
120] Mestinas, Hidalgo..... 1935 Included in San Salvador 50 Beaumont See San Salvador 
121] Midway, San Patricio. .|1937| 1,060 80} 1,507,334 627,166 40 Beaumont 57| 35 1) 50} 0 
122] Minnie Bock, Nueces. . .|1939 780 60] 1,077,164 594,650 60 Beaumont 69} 30 3} 60) 0 
123] Mirando City, Webb...|1921) 1,430| 500] 9,206,634 101,048 850 Cata-Frio 295 0 0} 66) 1 
124] Mirando Valley, Zapata|1921] 1,000} 320 1,483 212 148,652 700 Goliad 146 0 0} 72) 3 
125] Moca, Webb.......... 1932 100 20| 1,137,770 82,762} 500 Frio 12 0 0} 11; 0 
126] Munson, McMullen. .. .|1938 150 20 159,504 33,288} 335 Frio 17 0 0}; 14) 0 
127) Neuhaus, Jim Hogg....|1941 10 0 60 60} 690 Catahoula 1 1 0 1; 0 
Nichols, Hidalgo..... ..|1940 200 62,893 60,954 150 Goliad 12a 0} 10; 0 


18 Field abandoned. 
19 Includes 5 deepened wells. 
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20 Also gas produced from Frio at 270 ft. 


pence a 
production Character 5 ‘ : Deenesit one 
t Cos eee epest Zone Tested 
Bfstiods, Hed of Oil Producing Formation to End of 1941 
Number De 
a) pth, 
of Wells B Avg. Ft. 
| Gravity 
& ber at 
60°F., Name Agee Porosity? ay 
5 ws Weigh on g y a E Name 
q bet 5 verage e = oO Pale css 
z| B|8 | 2 3 e |g tee! 8 cial 
@| Bo} Se | & & mae) es iw & ag 
a| 2 Sa | & q as] Bo ler 3 ao 
Sine elecat| ca 5 ea ze ge an 
93 0 0 51.5 Frio Olig |S Por 5,798|5,832 | 34 | AF | Vicksburg 6,566 
94 0 1 18.5 Cole oc |S Por 1,782]1,828 | 22 A Cook Mt. 4,014 
95 0 0 48 Frio Olig |S Por 7,630/7,646 | 16 D Frio 10,286 
Gas Frio Olig |S Por 360} 366 6 
96 0 4 Gas Mirando Eoc |S Por | 1,770/1,777 6 |+MF | Cook Mt. 3,165 
49 Cockfield Hoc |S Por | 2,211/2,275 7 
97 0 0 22 Cole20 Eoce |S Por 1,000/1,055 6 | ML | Yegua 3,034 
98 0 3 een vhemeeky, Bes : Yop 2,195/2,250 | 12 | ME | Cockfield 2,766 
a oma Novia oc ‘or 2,550/2,705 | 25 
O9) > 0 | 585 | RP { 22 Mirando Eoc |S| .Por | 2'846|2’900 | 15 \ ML | Cook Mt. | 4,200 
100 0 0 Gas Cole Eoe |S Por 1,790}1,812 | 19 NL | Yegua 3,528 
101 0 0 Ae naa ere ue : he 2,914/2,922 7 | ML | Cook Mt. 4,732 
¢ , atahoula ig or 4,698|4,730 8 - 
ee ae \ BI Catahoula Olig |S] Por /4752]4'906 | 10 \NF | Frio is 
‘ ? Yole oc |S Por 4,009/4,100 | 10 3 
a { 45.7 | Govt. Wells Hoc |S) Por |4’sasia’oia | 10 [AF | Yeaua pu 
Gas Queen City EKoe |S Por 2,137|/2,180 | 20 
104 0 0 Gas Queen City Eoc |S Por 2,416/2,462 | 20 A Mt. Selman | 3,502 
Gas Queen City Eoc |S Por 2,500/2,535 | 20 
105; 76 | 239 20.7 Mirando Eoc |S Por 2,126/2,250 | 18 | ML | Yegua 3,437 
106 0 74 20 Frio Olig |S Por 250} 700 | 17 | MF | Yegua 2,612 
107 0 0 24 Govt. Wells Eoe |S| 22-26 | 2,166/2,196 | 15 | MF | Govt. Wells | 2,196 
a oe ee : he 4,306/4,354 | 15 
5. eterostegina ig ‘or 5,009|5,087 | 20 A 
1S ee 45.7 — | Heterostegina Olig |S} Por |5'155|5,175 | 10 |¢AF | Frie 7,595 
37.2 Frio Olig |S Por 7,308/7,313 5 
109 0 ye 7 dee a : ee 4,023}4,038 | 15 AF | Frio 7,628 
: atahoula g or 4,347/4,370 | 14 . 
eee. 2 ee hates, ole (s| Por |s'o7sl5‘0a8 | 12 |fAF | Frio 7aa) 
111} 35 59 19.3 Cole Eoc |S Por 1,500]1,530 | 10 | MF | Yegua 2,698 
42.7 Frio Olig |S 27.7 | 5,436|5,485 | 10 
112 2 1 Gas Frio Olig |S Por 5,561/5,569 8 A Jackson 6,592 
40.8 Frio Olig |S Por 5,692|5,726 | 10 
113 4 19 24.9 Pettus Eoc |§8 Por 2,541/2,650 | 10 NL_ | Yegua 3,006 
114 0 0 Gas McElroy Eoc |8 Por 1,860}1,927 6 | ML _ | Cook Mt. 3,514 
115 0 0 Gas Catahoula Olig |S Por 2,375|2,414 | 10 | MF | Jackson 5,526 
54 Frio Olig |S Por 4,417|4,422 5 
116 i 0 35.5 Frio Olig |S Por 5,258)5,270 | 12 ANF | Jackson 6,348 
41 Vicksburg Olig |S Por 5,600/5,627 | 10 
61.5 Frio Olig |S Por 5,970|5,994 | 24 
117 0 0 1 58-60 Frio Olig |S Por 6,500/6,955 | 20 D_ | Vicksburg 8,575 
53 Frio Olig |S Por 7,415|7,550 | 25 
118 0 0 Gas a! ae . Ae open ee 14 | Mb | Yegua 3,470 
49.2-61 ‘rio ig or , 7,52 16 . 
119) 0} 0 { 50-60 | Frio-Vicksburg Olig |S| Por |77500|9/500 | 15 \ DF | Vickybure y | 9,618 
120 52-60 Frio Olig |S Por 6,658/6,748 | 90 D Frio 8,128 
28.4 Frio Olig |S Por §,285/5,870 | 15 
121; 43 i 46.5 Frio Olig |S Por 6,048)6,051 3 Af | Frio 7,003 
42.3 Frio Olig |S Por 6,255/6,280 | 25 
24.5 Catahoula Olig |S Por 3,698)/3,712 | 14 : 
122) <31 29 23.5 Catahoula Olig |S Por 3,787|3,900 | 15 |+AF | Frio 7,510 
il. ee eee 
20.6 cHlroy 0c ‘or ,030/1,5: 
123, 0 | 66 45 | Cockfield Hoo |$) Por | 1925/1835 | 19 UES SIE 8) SOU 
20.9 McElroy oc or ,400)1, 
124 2 70 { 20.9 Mirando Eoc |S Por 1,790/2,000 | 10 ML | Cook Mt. 3,660 
125 0 11 21 Mirando Eoc |S Por 900) 950 | 10 | MF | Yegua 2,178 
126 0 14 22.5-20.7 | Mirando Eoc |S Por 1,200]/1,215 | 12 | ML | Pettus 1,501 
127 1 0 45y Pettus Eoc |S Por 3,462/3,471 9 | MF y | Pettus 3,471 
ele geen, ([bueee | 
26 10 ig ’ ” 
128} 10 | 0 34.7 | Frio Olig S|¢ 3° 4|3'670[3°678 | 3 | (AY | Jackson Ab28 
37.6 Frio Olig |S 3,86918,912 Sale 


486 OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING IQ41 
TABLE 1.—(Continued) 
Area Proved, | ‘Total Oil Production, Surface Data Number of Oil and/or 
Acres Bbl. Gas Wells 
Dur- 
ing End of 1941 
Field, County 1941 
Average hate oF 
: To End of | During | Eleva- Surface =I 
*e Oil % 1941 1941 a Formation gx 2 Q 
eet io} 2 2 
E eS B2| F | zelze/z8 
3 oe Sh BOs ae 88 ]'s.9|'s 
a oe a ag |e [SS | aoe 
: af] | Be Fz| © \33| Sele 
3 SA As SF] S [aA aClae 
129| Odem, San Patricio... .|1939 260 60 42,149 38,036 90 Beaumont 16) 14 2) 12) 1 
130] Oilton, Webb.......... 1937 700} 150) 1,610,611 153,829] 850-900 | Goliad 141 0 0} 82) O 
131] Orange Grove, Jim 5 
Wella.scae coe teste 1940 810 90 574,815 383,179 180 Lissie 32] 12 0} 29) 3 
132] Palacios,!° Jim Hogg...|1941 0 20 Gas Gas 600 Catahoula 1 1 0 0} 0 
133] Palangana, Duval...... 1928 50 0 9,846 0} 420 Goliad 5 0 0 0} 0 
134| Palo Blanco, Brooks... .|1929 0 80 ey «dey Gas 350 Goliad 5 0 0 oj] 2 
H 
135} Patal, Jim Hogg....... 1940 0 40 Gas 825y | Catahoula 1 0 0 0} 0 
136] Pena, Duval.......... 1933 0 40 Gas 580 Goliad 1 0 0 0} 0 
137| Peters, Duval......... 1933 140} 1,400 217,424 32,808} 795 Catahoula 21 0 0 4) 12 
138} East Peters, Duval..... 1940 60 0 19,589 9,484] 650 Catahoula 4 0 0 4, 0 
139] Petronilla, Nueces...... 1941 40 0 9,167 9,167 50 Beaumont 2 2 0 2} 0 
140] Peyote, Jim Hogg..... 1932 0 20 Gas 750 Goliad 1 0 0 0; 0 
141) Piedre Lumbre, Duval..}1935) 1,280] 200} 2,652,269 739,762| 430 Catahoula 143 8 0} 128) 4 
142) Pietras Pintas, Duval...|1905 150 0 154,183 0} 450 Goliad 29 0 Oo} 460} 0 
143] Plymouth, San Patricio |1935| 3,750} 150] 22,786,627 | 2,271,341 55 Beaumont 195 5 1; 183) 4 
144| East Plymouth, San 
POWs Was dad vines 1938 0} 120] Distillate | Distillate 44 Beaumont 3 0 3 0} 0 
145] Premont, Jim Wells. . . 1933 720} +280 789,391 59,813 205 Lissie 63 3 oO} 18) 3 
146] East Premont (Seelig- 
son), Jim Wells..... 1937] 1,080} 200 456,872 217,427; 150 ‘| Lissie 32] 22 5} 27] 0 
147| Ramirez,!° Jim Hogg...|1941 0 20 Gas Gas 475 Frio 1 1 0 0} 0 
148] Rancho Solo,** Duval...|1935| 440} 160 395,732 86,461] 735 Goliad 44 1 0} 34) 0 
149 Randado, Jim Hogg... .|1926 765| 435) 4,818,832 81,172} 450-500 | Catahoula 191 0 0} 84) 0 
150} Reiser,4 Webb......... 1909 20) 1,270 ,000 0} 700 Jackson 18 0 0 0} 0 
151] Reynolds, Jim Wells. ..|1939 690 0 943,182 349,026] 150 | Lissie 32 0 1} 26) 0 
152| Rhode, McMullen..... 1936 0} 1,200 Gas Gas 545 Oakville 11 1 0 0} 9 
153] Ricaby (includes 
North Ricaby), Starr |1937 150 0 121,877 38,788] 275 Goliad 14 0 0 9} 0 
154] Richard King (Hast 
Bentonville), Nueces.)1937| 1,340) 140] 1,350,462 551,623] 180 Beaumont 70} 30 2| 66, 1 


22 Includes Rancho Solo extension. 
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21 Perforations. 


23 One well produces oil from Frio sand at 3146 ft. 
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TABLE 1.—(Continued) 
Ae 
production Character 
: P ‘ . Deepest Zone Tested 
Methods, End of Oil roducing Formation to End of 1941 
of 1941 
Number De 
pth, 
of Wells E Ave. Ft 
e Gravity 
pana at 
60°F. e * a 
x " Weighind Name Age’ Porosity? : gj Name 
g 5 Average is : 2 8) | 
wo |S = 3S B \s|/ 2 cereal 
aN pes || 26 a 5 iS a”. er) 8 om 
oh oe aa | & fe BAe!) os lieu 8 ag 
=| 6 | $3 | 2 3 as/BS lee) 3 Bs 
a| = |24/ 2 é ES| g8 |2<| 8 am 
BS é —— ae : Por 3,538/3,548 | 10 
é Tio g |i Po 5,309|5,444 | 15 7 
eeu? |. -0 57 | Frio Olig {S| Por |6'715|6.720 | 5|¢AF | Vicksburg | 7.411 
a ld ao 4 plig ; re 6,900/7,000 | 15 
irando oc ‘or 1,880)2,025 | 12 
ee eei0 4 . 82 Gas _| Cockfield Boo |S| Por |a'407io473 | 15 |}ML | Yeua 3,151 
131} 29 0 30.6-32 | Frio Olig | 8 Por 5,048/5,125 | 15 NF | Vicksb 5,694 
1321 0} 0 Gas | Yegua Boc {S| Por |2,924/2/939 | 15 | MF Yegua | 31008 
133 0 0 16 Catahoula Olig | L Cav 450) 455 5 |p, M I 
45 | Jackson Hoo |§| Bor |2,780)2,744 | 14 ey bi eae eae 
as e io or 1,200]1,220 | 10 
= 0 0 Gas—45 | Jackson Eoc |S Por | 4,117/4,150 | 10 jDs Cockfield 6,603 
“135 0 0 Gas Yegua Koc |S Por 3,120/8,180 | 10 | MF | Yegua 3,156 
136 0 0 Gas Frio Olig |S Por 1,910/1,932 | 17 | MF | Cockfield 3,620 
Gas Cole Eoc |S Por 1,750/1,760 5 
137 3 1 23.1 Govt. Wells Eoe |S Por 2,410/2,451 | 20 ML _ | Cook Mt. 4,004 
23.1 Mirando Eoc |S Por 2,566/2,685 | 15 
138 1 3 ae oo Wells ee 4 ha 2,441/2,465 | 13 ML _ | Mirando 2,563 
Tio ig or 6,952/6,968 | 10 4 . 
ae ne { 40 Frio Olig |S} Por |7,308/7,315 | 7 \nF Frio 7,365 
140 0 0 Gas Govt. Wells Koc |S Por | 2,246/2,262 | 16 | ML | Yegua 3,210 
20 Cole Eoc |S Por 1,324|1,362 7 
141 7 121 21.7-22.7| Govt. Wells Eoc |S Por 1,950/2,080 | 12 ML | Yegua 3,400 
eget ies ae pe 8 4a 2,100}2,174 | 10 
atahoula ig or 180} 580 | 20 
os 47 McElroy Eoe |S| Por | 3,462/3,623 | 26 \Ds Mt. Selman | 5,902 
ees cla Se | bes |B 
i Tio ig ‘or 978|5,675 | 12 A 
143) 173 | 10 31.6-62 | Frio Olig |S| Por |'5.870|5.920 | 10 ban Frio 7,253 
Cl ae Boe [S| Por | a%s0si4'850 | 20 
as eterostegina oc ‘or ; 836 | 20 . 
4) 0) «60 { Gas _| Frio Olig |$| 28-34 | 5110/5136 | 15 | sAF | Fric 7,287 
22.8 Catahoula Olig |S Por 2,250/2,350 | 10 
145) 10 8 24 Tio Olig |S Por 3,165)3,265 | 11 D McElroy 7,155 
23 Frio Olig |S Por 3,706/3,716 | 10 
39.9 Frio Olig |S Por 5,198/5,210 | 12 
54-60 Frio Olig |S Por 5,365}5,480 | 10 
40 Frio Olig |S Por 5,555/5,5572)|  2y 
36-60 Frio Olig |S Por 5,625)5,632 | 10 
146| 27 0 39.9 Frio Olig |S Por 5,805/5,850 | 15 A Vicksburg 8,162 
40 Frio Olig |S Por 5,878]5,988 | 20 
39.9 Frio Olig |S Por 6,073}6,188 | 15 
oo Frio Olig |S Por 6,446/6,44821)  2y 
38.1 Frio Olig |S] Por | 6,534/6,697 | 10 
147 0 0 Gas aa es ; a a td ee ML_ | Yegua 3,006 
19.4 ‘ole 0c or 7 Hl 
148) 1) 33 { Gas _| Govt. Wells Eoc |S} Por _|27555|2;569 | 14 \ Yegua ae 
149 0 84 22.5 ‘ole Eoc |S Por 1,220}1,300 9{ NL | Mt. Selman | 5,222 
150 0 0 16 goer Ceckield ao EB so An ee i ML | Mt. Selman | 3,247 
31 rio ig or , , 
oh| ae ee { 3s | Rio Gie |8| Por |sioo\s'254 | 9 | JANE | Jackson | 6,025 
152 0 0 Gas Cole Eoc |S Por 1,800]1,822 | 12} MF | Yegua 3,534 
21.2 Frio Olig |S Por 1,270)1,324 8 
153 3 6 21.2 Frio Olig |S Por 1,432/1,456 5 |*NL_ | Jackson 2,844 
30 Frio Olig |S Por 1,604/1,611 7 
22 Heterostegina Olig |S Por 3,800/4,030 | 15 
Bie dele] fe [BSR | 
39 Frio ig or ; 
Pree 8 42 | Frio Ole |S] Por. |5.5815-750.) 10.1 | einey <<) 80" 
38 Vicksburg Olig |S Por 6,133/6,143 | 10 
56 Vicksburg Olig |S Por 6,23016,235 5 
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TABLE 1.—(Continued) 
et ee ee ee 


Area Proved, | Total Oil Production, : Number of Oil and/or 
Acres Bbl. Surface Data Gas Wells 
Dur- 
ing End of 1941 
Field, County 1941 
Average Sa 
5 To End of | During | Eleva- Surface | 
Oil iS 1941 1941 Te Formation | o = A g}|= 
5 2 ‘eet Oo) Soe 
3 E 20 B2/ 3 | esl selene 
2 eel as 22| 2 |£8|2a/S5 
> oS 
2 32 22 BS| 8 |E3| 25/25 
na a ae 6) O [an | dic lai 
155| Rincon, Starr......... 1938] 3,175} 280} 1,877,039 948,854 460 Goliad 126} 71 7| 119) 0 
156} North Rincon, Starr....|1940 220 40 89,111 81,677| 440 Goliad 13 9 2}. 101 20 
157| Rio Grande City, Starr. |1932 200 60 440,722 40,380 180 Catahoula 34 4 0} 20) 0 
158] Rios, Duval........... 1941 0 20 y y Goliad 1 1 1 0} 0 
159] Riverside, Nueces...... 1938 80 80 87,167 26,747 35 Beaumont 6 1 2 2} ee 
160} Robston, Nueces....... 1939 60 0 66,899 28,376 88 Beaumont 3 1 0 3] 0 
161] Roma, Starr.......... 1927 20} 280 22,306 898} 285 Jackson 6 0 0 1} 5 
162} Sacatosa, Starr........ 1938 0 20 Gas 349 Frio 1 0 0 0} 0 
163} Sam Fordyce, Starr, ‘ 
Midatgo ste nteicie 1934) 1,600) 900} 8,082,693 268,411) 170-250 | Goliad 259 3 oO} - 81) = 
164] Sandia, Jim Wells... .. 1929 80] 400 23,432 713 150 Lissie 9 3 3 2) 0 
165] San Diego, Jim Wells. .|1934 0} 320 Gas 290 Lissie 2 0 0 0} 0 
166} San Jose, McMullen. . .|1938 10 10 450 0| 387 Catahoula 2 0 0 0} 0 
167} San Salvador,?> Hidalgo |1938 0} 1,200 111,804y y 88 Beaumont 5 0 5 0} 0 
168} Santo Domingo, Starr, .|1936 0} 120 Gas 150 Alluvium 2 0 0 0} 0 
169] Sarnosa, Duval........ 1932 690} 180) 2,552,017 159,161 735 Catahoula 57 0 0} 37) 0 
Saxct, Nueces......... 1923 20-80 | Beaumont 
170 Shallow’... cece coc 1923] 3,850] 3,800) 28,048,184 240,07] \ Beaumont 13) 304) 48 
20-80 761 2 
171 Deep (Frio)....... 1935] 2,450] 3,400) 22,769,238 | 1,550,908 j } Beaumont 38} 107} 18 
172] Seabury (Zim), Starr... .|1939 10 10 722 2388 Catahoula 2 0 0 1] 0 
173] Sejita, Duval.......... 1939 0} 240 3,400 1,600) 330 Goliad 6 2 6 0}; 0 


174] Seven Sisters, Duval. ..|1934]} 4,420} 280} 16,285,47126| 2,724,188] 460-520 | Catahoula 458 2 0} 391) 7 

175| South Seven Sisters, 1937 330 0} See Seven 76,027) 575 Catahoula 33 0 0} 31) 0 
Duval. Sisters 

178! Shield, Nueces......... 1940/ 200] 60} 108,046 | 86,259 65 | Beaumont 13| 9 11 9] 3 

177 Sinton, San Patricio... .|1934 225) 100 86,445 610 70 Beaumont vA 0 1 0} 0 

178] Southland, Duval...... 1939 80 20 109,023 32,375} 401 Goliad 5 0 1 3} 0 


a nN EE Ne he a ae eee 
*4 Includes North Sam Fordyce. 
26 Includes figures for Las Mestenas. 
*6 Includes South Seven Sister total production. 
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27 Stratigraphically higher than Mirando. Variance in depth due to surface elevations. 
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TABLE 1.—(Continued) 
Leas 
production Character . 4 y 7 
Methods, End of Oil Producing Formation D wt die, Jented 
of 1941 
Number Depth, 
of Wells E Ave. Ft 
‘@ | Gravity 
& ee 
60°F., Name Agee Porosity? : Fi 
8 m Weigh d y = g Name 
BS Vv > . iar) , 5 
pe ie iki E £ | a ge] 2 3m 
a) 8 Z| 2 Fe Me) og wl 8 = iy 
a) 2 |tale a B38) 36 (sz| § ag 
38.7 Frio Olig |S Por 3,629|3,797 | 20 
155} 119 0 44 Frio Olig |S Por 3,855/4,046 | 18 A Yegua 6,862 
45.1 Frio-Vicksburg Olig |S] 26-39 |4,116/4,294 | 20 
44.6 Frio Olig |S Por 4,111|/4,212 | 18 
42.5 Vicksburg Olig |S Por 4,370|4,402 9 
156 T 3 52 Vicksburg Olig |S Por 4,632|/4,670 | 15 A Jackson 5,590 
41.9 Vicksburg Olig |S Por 4,725|4,745 | 15 
47.5 Jackson Olig |S Por 5,478|5,590 | 15 
157 0 20 23 Frio Olig |S Por 1,350/1,450 8 | MFL | Yegua 3,258 
158 0 0 oe oe ee : ae es ee 15 | NFy | McElroy 6,308 
2 Tio ig or 888/5,037 | 25 A 
“iso| 2 | 0 5 | Bao Ole [S| bor |soro[bars | \ A | Vicksburg | 7,750 
; Tio lg ‘or 5,195|5,208 | 12 5 
ye |). 8 51.9 | Frio Olig |S) Por | 5,548)5,800 | 20 \ a pane 7,525 
as ackson oc or 192} 200 8 
161; 1 0 35.2 | Queen City Eoe |S} Por |3,560/3,650 | 6 \ A | Reklaw 4,827 
162 0 0 Gas Govt. Wells Eoc |S Por 1,650}1,661 | 11 | ML | Govt. Wells | 1,794 
21.5 Frio Olig |S Por 2,737|2,793 | 16 
24.9 Frio Olig |S Por 2,831}2,890 | 22 
163} 10 71 24.9 Frio Olig |S Por 2,925/3,125° | 20 |+AF | Mt. Selman | 9,708 
Gas Frio Olig |S Por 3,183|3,196 | 18 
Gas Jackson Eoc |S Por 5,840|5,900 | 20 
Gas Catahoula Olig |S Por 2,910|2,917 7 
164 0 2 38.3 Frio Olig |S Por 4,002}4,023 | 13 AF | McElroy 5,701 
52 Cole Eoc |S Por 5,151/5,163 | 10 
165 0 0 Gas Frio Olig |S Por 2,952/2,976 | 10 A Yegua 6,480 
166 0 0 28 Pee nee 3 ar 1,147 va io ML | Yegua 2,370 
48 8-58 rio ig or 7,315|7,645 5 5 
poe ery: 0, PM { 49.7 | Frio-Vicksburg Olig |S| Por |8,174|8,704 | 15 \ A | Vicksburg | 8,704 
168 0 0 Gas Frio Olig |S Por 2,461/2,616 | 25 A Cook Mt. 6,005 
169 0 37 ies Govt. Wells Eoe |S Por 2,300|2,500 | 15 | MF | Yegua 4,073 
’ 1,000)9,927 
24 Largarto-Oakville oa ) Por 1,000]3,150 | 15 
io 
170) 108 | 196 24 Catahoula Olig |S| 29-42 |3,900|4,500 | 18 
Siete Discorbis-Het. Olig |S Por | 4,700/4,880 | 18 |)>DF | Vicksburg | 10,892 
30.6-42.6| Frio Olig |S 7-45 {5,280/6,900 | 20 
171; 44 63 56 Frio Olig |S Por 7,250|7,548 | 20 
58 Frio-Vicksburg Olig |S Por 9,900|9,927 | 20 
172 1 0 24 Frio Olig |5 Por 1,328]1,339 5 | MF | Yegua 2,757 
61.7 McElroy Eoc |S Por | 5,334/5,395 | 15 
173 0 0 52 McElroy Eoc |S Por 5,476/5,675 | 15 |¢AF | Yegua 7,095 
54 McElroy Eoc |S Por 5,770|5,830 | 20 
Gas Frio Olig |S Por 1,232}1,262 | 15 
21 Cole Eoe |S Por 1,710]1,720 | 10 
20.9 Chernosky Koc |8 Por 2,112/2,225 | 20 
174 4 387 23 Govt. Wells Eoc |S Por 2,470/2,500 | 15 AF | Cook Mt. 4,404 
27 Loma Novia?’ Eoc |S Por | 2,660|2,690 | 15 
23 Mirando Eoe |S Por | 2,540/2,565 | 10 
le Gre (| Por |ias7it308 | 7 |4 4 
21.5 Frio ig ‘or ; 
ihe, lime eee) Se leet (alte dae |nas 
44.3 ‘10 ig or ; ; 
mo] o| [tte [Eee Ome] ee leer Lt. dae cas 
0 0 33.4-47 | Frio ig or ,408)5, : 
i Teepe le Te ee Le lrem | eon 
178 is 0 48.1 Pettus oc or i i 
P 43.8 | Pettus Foo (8| Por |6.355(5;365 | 10.| sA¥4 | Yea 615 
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TABLE 1.—(Continued) 


Area Proved, | Total Oil Production, Number of Oil and/or 
ay Sr sg: "BDI. Surface Data Gas Wells 
Dur- 
ing End of 1941 
1941 
Field County Average ay, 
a ; . | To End of | During | Eleva- Surface Ag a Z ; 
3 ,| Oil 3} 1941 1941 tion, | Formation | == AS] 2] ¢ 
q B oO Feet S=| 3B | #e| Holes 
Z se} «| 88 33/2 [35/23/39 
: gi] | 2 eg| & \23/ze|22 
A fa) Aa OF] Oo laa | a la 
179) Stratton, Nueces, Kle- 
burg, Jim Wells..... 1931) 1,650) 2,350) 1,060,601 597,783 100 Beaumont 112} 72 28} 82) 0 
180} Sullivan (South Agua 
Dulce), Nueces...... 1936 Included in Agua Dulce 50 Beaumont See Agua Dulce 
181] Sullivan City, Hidalgo, ; 
Slate. gocken een Ju ae 1939 7380; 160 337,795 247,739 220 Goliad 39} 13 4; 34) 0 
182) Suny Star Tone weenie 1938} 1,400} 100 853.495 421,559 366 Goliad 75| 24 3} 70) 1 
183) North Sun, Starr...... 1941 20 0 668 668) 312 Goliad 1 1 0 1] 0 
184] Sun-Jones,!° Jim Hogg .|1941 0 20 Gas Gas 525 Goliad 1 1 0 oOo} 1 
185] Sweden, Duval........ 1937 200) 160 238,770 17,514 380 Goliad 15 2 1 5} 0 
186] Taft, San Patricio..... 1935 720 80} 4,900,282 607,992 50 Beaumont 74 0 1} 69) 1 
187] Tarancahuas, Duval... .|1939 290 0 301,208 183,051) 585 Goliad 29 0 o| 291 oO 
188} Tesoro (De Soto), Duval} 1938 140 80 198,675 30,785 440 Goliad 8 0 1 3] 0 
189} Thomas Lockhart, 
Drivel gros ae 1937 100 0 17,146 0 500 Lagarto-Gol. 4 0 0 0} 0 
190] Turkey Creek (West 
Saxet), Nueces...... 1938 890 40| 3,688,120 612,134 60 Beaumont 60 0 IL “S7hos 
191] Villa, Zapata.......... 1932 120 Gas 0} =670 Frio 3 0 0 0! 0 
192] Volpe, Webb.......... 1939 330 10 353,022 179,993 761 Goliad 34 0 0} 28) 0 
193] Wade City, Jim Wells. .|1939| 2,000) 200] 1,768,512 | 1,112,014 200 Lissie 104; 24 5} 96) 3 
194) Washburn, LaSalle....|1940} 120 0 13,755 10,405} 440 | Yegua 3] 228 oO] 6 8l O 
195] Wentz, McMullen..... 1932 0 80 Gas 0} =200 Frio-Jack. 3 0 0 0} Oo 
196] Weslaco, Hidalgo...... 1988 0 40 2,125y y 82 Beaumont af 0 1 0| 0 
197| White Point, San Pa- 
et LO ere eee eee 1911 100} 3,900 159,683 12,041 60 Beaumont 48 0 1 1] 9 
198] East White Point, San 
Patricio, Nueces... . 1938] 4,360] 180] 8,302,052 | 2,869,094 56 | Beaumont 246] 11 2| 238] 4 
199| Willamar, Willacy..... 1940 100 0 47,555 2,989 15 Alluvium 5 4 0 5] 0 
is rang hel Path he eh He . ~ SS 0} = 190 Goliad 4 0 0 0; 0 
ray, Zapata......... as 0} = =498 Jacks 
202} Young (Charco Blanco), ren : 4 0 at 8 
ET Wai. ay ash 1938 0 20 Gas Gas 374 Goliad 1 0 0 0}; 1 
203) Yturria, Starr......... 1941 80 0 2,507 2,507; 360 Goliad _ 4 4 0 4) 0 
204) Yzaguirre, Starr....... 1940 20 20 4,948 2,634; 400 Goliad 2 0 0 1] 0 
PENTA PS 127,900 


83,120'377,508,915 150,511,866 


28 Includes one re-completion, 


13,234/1,014 | 41118,347/452 
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TABLE 1.—(Continued) 
ieee 
production Character : é Dee 
G pest Zone Tested 
Batuads, Bad of Oil Producing Formation to End of 1941 
Number % 
of Wells 3 pote 
8 Gravity 5 
: & API at g 
s 2 he Name Age®| | Porosity? az) 
FE 7” q Weighte d g ~ orosity? | = 4 S ined Name . 
oe ‘a 2 | Average 2 3 E = Ae g wit 
i 2 ol ieee ma z Ael os] a 8 ag 
Sie |a4\2 A ae/ SF isk & ae 
oO a Q A aA A 
58 Frio Olig |S Por 4,788/4,924 | 15 
3 | Fre Olig |S) Bor | 5,992/6,002 | 10 
= bate) ig or 6,273/6,460 | 20 q 
eee | 28! LEM 54 | Frio Oui |S} Por | 04800,007 | 17 Vicksburg | 8,138 
Tio ig Por 6,658/6,770 | 20 
Frio Olig |S Por 6,804|6,823 | 15 
‘Frio Olig |S Por 5,756|5,780 | 15 
180 Goe-dist Frio Olig |S Por 6,400|6,668 | 15 |} AF | Frio 6,912 
Sere Frio Olig |S Por 6,788|6,800 | 12 
e Frio Olig |S Por 3,414/3,463 | 15 
181} 30 4 rca Frio Olig |S Por 3,936/3,983 | 25 |} AF | Mt. Selman | 9,708 
43.6 Frio Olig |S Por 4,121]4,130 9 
52 Frio Olig |S Por 4,111/4,142 | 15 
is ane oe : tid 4,500/4,565 | 20 | 
= TiO ig ‘or 4,610/4,673 | 15 
isa) 67 | 3 45.2 | Frio Olig |S} Por |4'342/4’858 | 16 (7 4 | Jackson 6,113 
P 45,1 Frio Olig |S Por 4,900/4,972 | 10 
47.9 Vicksburg Olig |S Por 5,115}5,135 | 20 
183 1 0 46.7 Vicksburg Olig |S Por 5,376/5,396 | 20 Jackson 
184 0 0 Gas Jackson Eoce |S Por | 4,211/4,268 | 15 | MLy | Yegua 6,009 
i davon 7 es : Pee sere a 20 
pper Govt. Wells 0c or 5,072|5,091 | 19 
185 2 3 Gas Lower Govt. Wells Eoc |$ Por |5,100/5,116 | 16 AF | Yegua 7,005 
43 Cockfield Eoc |S Por | 5,845/5,869 | 24 
21.4 Catahoula Olig |S Por 3,975/4,010 | 20 
186] 47 22 21.6 Catahoula Olig |S Por 4,300| 4,375 | 20 MF | Frio 6,926 
23 Heterostegina Olig |S Por 4,900/4,938 | 20 
187 1 28 be =i Lee oa : roe tte ee i NL | Yegua 3,461 
as ettus 0c or 1828/4,848 5 
ee (aes egua Eoc |S| Por | 5,080/5,136 | 20 \NF Yegua bal 
189 0 0 56.8 Pettus Eoc |S Por 4,659|4,672 | 13 | MEF | Yegua 5,502 
22.6 Catahoula Olig |S Por | 3,840/3,860 | 14 
25 Catahoula Olig |S Por 4,025/4,080 | 10 , 
190} 39 18 43 Frio Olig |S Por | 5,641/5,664 | 19 |>DF | Frio 7,511 
35 Frio Olig |S Por 5,787|5,872 | 19 
28 Frio Olig |S Por 6,430/6,456 | 26 
191 6 0 Gas McElroy Eoce |§ Por 1,650|1,664 7 | ML | Cook Mt. 3,000 
192 0 28 22.5 Mirando Eoe |§ Por |2,450/2,488 | 10 | MF 
eae as le| a ltaae | f 
31-5 rio ig or ’ ’ 
193, 88 | 8 32.2 | Vicksburg Olig 181 Por |4’go4la'oa3 | 10-7] @N¥ | Jackson =| 5,416 
55 Vicksburg Olig |S} Por | 5,272)5,286 | 12 
42 Wilcox (Rockdale) Eoc |S 25 4,822]4,867 | 15 
194 ae i 40.5 Wilcox (Rockdale) Foc |S] 22.5 |5,413/5,430 | 15 |>}AF | Cretaceous | 11,042 
40.3 Wilcox (Rockdale) Koc |8 Por | 5,513|5,578 | 20 
195 0 0 Gas Cole Eoc |8 Por 370| 382 | 12 | NL | Yegua 1,654 
196 0 0 51 Frio Olig |S] Por | 8,634/9,005 | 15 A | Vicksburg 9,182 
Gas LagatieOnicville Mio |8 Por |1,900|2,800 | 10 | 
197 0 1 24.8 Heterostegina Olig |S Por | 4,880/4,961 | 10 |+AF | Frio Heals 
29.8 rio Olig |S Por 5,672|5,676 4 
Gas Oakville Mio |S Por 2,495|2,505 | 10 
ce, fects, «(A (G| FS joes | 
26.8 Heterostegina ig or B B i 
198 234 | 4 38.7 | Frio Ole {S| 24-33 |5:630/5,680 | 30 |@AF | Frio ones 
59.4 Frio Olig |S Por | 5,730)5,775 | 15 
40.4 Frio Olig |S Por 5,850|5,862 | 12 
30 Frio Olig |S Por 7,620|7,678 | 15 ; 
199 5 0 30 Frio Olig |S Por 7,847|7,880 | 20 A Frio 9,008 
30.4 Frio Olig | 5 Por 7,925/7,970 | 25 . 
200 0 0 Gas Frio Olig |S Por 963} 975 | 12 A | Jackson 3,360 
201 0 0 Gas Jackson Eoc |§ Por 348] 370 | 22 | ML | Cook Mt. 2,008 
0 0 G Mirando Koc |S Por 2,708|2,730 | 15 | MF | Cockfield 3,008 
303 4 0 43. x 3 Frio Olig |S Por ae as Fi MF’ | Jackson 4,889 
48.1 Frio Olig |S} Por ‘| i \ 006 
204 0 1 56 Vicksburg Olig |S Por | 5,284)5,246 | 12 A Jackson 6,006 


205!2,908 | 5,439 


492 


tillate wells, 66 gas producers, and 213 dry 
holes (Table 4). 

The decrease of activity in some large 
fields, together with the lack of develop- 
ment of new areas discovered during the 
year, accounts for much of the decrease 
in the total number of well completions. 
In several fields, however, there was 
extensive development, and, besides the 
discovery of new producing levels, impor- 
tant extensions were made by semiwildcat 
wells. The most active fields were: Casa 
Blanca and Charamousca, Duval County; 
Colorado, Jim Hogg County; Rincon and 
Sun, Starr County; Kelsey, in Starr, Brooks 
and Jim Hogg Counties; Killam and Glen, 
Webb County; Agua Dulce, Stratton, Clara 
Driscoll (including South Clara Driscoll), 
Minnie Bock and Richard King fields, 
Nueces County; Midway, San Patricio 
County, and East Premont (Seeligson) and 
Wade City, Jim Wells County. All of 
these are fields discovered prior to 1941, 
none of the new fields having been sub- 
jected to important development. 

Probably the most significant develop- 
ment of the year was the discovery of 
very large reserves of crude oil on the east 
flank of the Agua Dulce and Stratton 
fields, Nueces County. By a drilling 
program that led to a series of important 
extensions, these two fields, which form- 
erly produced distillate and gas, have been 
joined to form one great producing area 
that now extends approximately 17 miles 
northeast-southwest and is about 5 miles 
wide. Crude production on the west flank 
of Agua Dulce was opened late in the year. 
The East Premont (Seeligson), La Gloria, 
and Odem fields were also proved to be 
important crude as well as distillate and 
gas reserves, by similar flank developments. 
The La Reforma structure of Starr County 
produced crude in a well on its northeast 
flank; wells higher on the structure produce 
only distillate and gas. Future discoveries 
of this type are to be expected, since 
results already obtained are certain to 
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stimulate interest in possible crude accumu- 
lation on the flanks of other South Texas 
anticlinal and domal distillate-and-gas or 
gas-producing structures. 


CENOZzOIC SEDIMENTS IN THE TEXAS 
COASTAL REGION 


Cenozoic sediments offer great oppor- 
tunities for production from stratigraphic 
and sedimentary traps in South Texas; 
therefore the following notes are included 
to emphasize the importance of a method 
of geological exploration that is likely to 
be the key to the problem of the discovery 
of sufficient national oil reserves. Based on 
an extensive knowledge of the detailed 
aspects of sedimentation, this relatively 


new trend in prospecting for oil and gas 


should not be overlooked in the selection 
of drilling sites for wells seeking new 
reserves. 

Cenozoic sediments of the Texas Coastal 
region already account for an important 
part of the nation’s petroleum production 
and reserves. These sediments consist 
chiefly of shales, clays, and sands that by 
crustal disturbances and the movements 
of salt domes, have been locally uplifted 
or faulted into relationships favorable to 
the commercial accumulations of oil and 
gas. Some of these petroliferous areas have 
been relatively easily discovered through 
surface indications or because of their 
proximity to the surface; but the search 
for the deeper, less obvious structures has 
necessitated the introduction of several 
prospecting methods, which have been 
responsible for the discovery of many 
structural fields. In addition to these, how- 
ever, many reservoirs have been discovered 
whose occurrence can be attributed to 
purely stratigraphic or sedimentary con- 
ditions, the former having reference to 
vertical and the latter to horizontal com- 
ponents within the substrata. Discovery 
of these traps usually has been accom- 
plished by detailed geological study of the 
area involved, or by chance drilling. 
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The abundance of potentially produc- 
tive sand bodies, the great complexity of 
Cenozoic sedimentation, and the further 
dislocation of beds by crustal movements 
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forces of the land, each attempting to 
encroach upon the other. For long alter- 
nating periods one or the other force 
predominated, but not without opposition 


General Classification of Stratigraphic Divisions of the Cenozoic 
a ee: Se a Bs al a ae ee ee eee 


Relative Positions of Pro- 


Age Group Formation (Souk cso ducing Sands of Jackson 
and Upper Yegua 
Pleistocene Houston { Porumont Undivided 
issie etc 
Pili : Goliad rer 
liocene Citronelle (Reynoea) ae Creek 
Pliocene- Miocene | Fleming ee de aoe 
ndivide 
5 Chusa 
Oligocene(?) Catahoula Soledad 
Fant 
Discorbis 
Gueydan Subsurface Heterostegina 
Oligocene Marine Oligocene Marginulina 
Frio Undivided 
Vicksburg (Sub-surface) 
Whitsett Cole sand 
Chernosky sand 
McElroy 5 : 
Jackson Fayette (Hockleyensis) ' plore neat mr sands 
Upper Mirando sand 
Caddell { Lower Mirando sand 
(Diboll) O’Hern sand 
Yegua Cockfield* Pettus sands (upper Yegua) 
Goo Crockett Undivided 
a Mountain 4 
u Sparta Undivided 
Hocene 2 Weches Undivided 
“3 ) Mount 
© J Selman { Queen City Undivided 
Reklaw Undivided 
Carrizo Undivided 
Sy en aes Vases 
opaed ockdale Undivided 
Wilcox / ae { Caldwell Knob 
8 Solomon Creek 
‘ Wills Point 6 
Midway rae) Pisgah 
1 Kincaid { Littig 


* Nonionella beds of Upper Cockfield have been demonstrated to be Jackson in age. 


that followed their deposition indicate a 
prolific future for the Texas Coastal area. 
As the structural fields are discovered, and 
accordingly grow scarcer, the hidden 
petroleum traps that owe their existence 
to stratigraphic and sedimentary condi- 
tions will become increasingly the object 
of the oil industry’s search—a search that 
to a great degree must fall on the shoulders 
of the petroleum geologist. 

Cenozoic strata of Texas (see classifica- 
tion herewith) present as yet an incom- 
pletely deciphered picture of an age-old 
feud between the forces of the sea and the 


—every major sea encroachment involved 
a number of minor regressive and trans- 
gressive oscillations, and every major gain 
by the streams and swamps of the land 
was at the cost of major recession by 
marine waters. This long and continuous 
battle brought about a great complexity 
in the stratigraphy and sedimentation of 
the Coastal area. Both vertically and 
horizontally, there are sudden and gradual 
changes from continental to marine facies. 
Numerous shore lines exist, and the wedg- 
ing or pinching out of beds is a frequent 
occurrence; the latter condition, especially 
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TABLE 2.—Summary of Drilling Operations in South Texas 
Important Wildcats and Semiwildcats Drilled in 1941 
Total 
fe . Depth, Surface aoe 
District and County Well Name and Location Ft. or Formation orizon 
Meters Tested 
Larepo Disrrict : . ' 
PDuval setts Batitrate satare ra blk. 18, Callaghan subd. (Benavides| 5,025 | Goliad Yegua 
e 
2 | Dawaliacs wat etente acne Geo. Parr No. 1-A, 116m. E. of Benavides field 5,040 | Goliad Govt. Wells } 
Bi} Deval does avr ace ttes Lopez No. 1, sec. 455 1,705 | Goliad Cole : - 
4 Duval: sae, ask ic cee C. Gonzales No. 1, Carrera survey 6,308 | Goliad Hockleyensis _ 4 
Bil Divale. +. Sete sate Gate Parr No. 30 (Benavides field) 5,995 oli Yegua } 
Gil Duvalle fae erha ee Parr No. 31 (Benavides field) 5,749 | Goliad Yegua j : 
Vid Ded a cee oe eee Escapole No. 1-B (Kries field) 3,212 | Catahoula Loma Novia 
SiikDavaliynaceetiic,.o Seer Cuellar No. 5 (Hoffman field) 3,152 | Catahoula Pettus : 
OUD avalle scoters cereateoaartat Herberger No. 6 (Sweden field) 4,940 | Goliad Jackson | 
1O:] "Davalkxos Seeds toesnee A. Labbe No. 3 (Labbe field) 2,930 | Goliad Hockleyensis 
TU ND evel ess cence ees Wiederkehr No. 75, sec. 55 2'940 | Catahoula egua ‘ 
12 Duvaliactencue se he eee Casey No. 2 (Sejita field) 5,785 | Goliad Jackson 
135) Dayal Recto casewsccece Yzaguirre No. 1 (Sejita field) 5,547 | Goliad Hockleyensis - 
14 Ti Hoge checct ease Ramirez No. 1, survey 271 3,006 | Catahoula Yegua - 
15") Jit HOR Riee east ae Bute No. 2, blk 282, Pippin subd. Randado grant | 3,465 | Catahoula Yegua 
LG: Jism opy.t Seams ee one C. Palacios No. 1, sec. 287 3,008 | Catahoula Yegua 
tf: | Jim Hoge’. eee demas. Jones No. 1, Agua Neuva de Abajo grant 6,009 | Goliad Vicksburg 
18") Jim Hogi tigeesioe, f2see East No. 1, El Randado grant 3,469 | Catahoula Yegua 
19°} Jim: Hogge., seein ciate McLean No. 2 (Holbein field) 2,810 | Goliad Pettus 
20nd Hoge. eo sce8.. sees McLean No. 1 (Holbein field) 2,808 | Goliad Pettus 
Qin} Jim Hoge esseae noscuiaes Gallagher No. 2 (Chaparosa field) 3,071 | Catahoula Jackson 
22. | Tua 'Ballavion esces secre es Washburn No. 1 (yashbura field) 8,300 | Yegua Cretaceous 
Bul Lh ALOE 2). ay ae eee eet Washburn No. 4 (Washburn field) 5,700 | Yegua Wilcox 
240 La Ballo. 3 0c te Saxe eeu Washburn No. 3-A (Washburn field) 11,042 Cretaceous 
25} MoMallen.ii.cccnoas vc nese Edrington No. 1-I, survey 61 3,023 | Goliad Pettus 
26 | MeMullen..............5. Edrington No. 3-I (So. Campana) 2,573 | Goliad Govt. Wells 
oD hoi DAO GN ianicas aiaicsn dies Ezzell No, 44 (So. Calliham) 1,546 | Jackson Pettus 
28 | MoMullény ose on cnireets Ferguson No. 1 (So. Campana) 3,135 | Goliad Pettus 
OO UATE wae tou ares ciae dee alan C. M. Hall No. 1 (North Rincon) 5,478 | Goliad Jackson 
CON) 'Gtarnsee 01a oos we one Yturria L. & L. Co. No. 1, Pore. 100 4,889 | Goliad Jackson 
Blu barre are at agee  tiamis aoe M. M. Garcia No. 1 (Boyle field) 3,476 | Goliad Frio 
S20) Ptartaedeps braen reece aes Slick No. 20-A (Rincon field) 5,673 | Goliad Jackson 
BS DUMPS. baat chiar Manes A. Guerra-No. 1 (La Reforma field) 6,198 | Goliad Vicksburg 
S41 State h Wives ce eos Utd Montalvo No. 1-C (Sun field) 6,607 | Goliad Jackson 
SGT NGSUMURS Faye oe Sehcctaay hee Davenport 1-D (Rincon field) 4,689 | Goliad Vicksburg 
OG tare foes tee ate: Coates No. 1 (No. Rincon field) 5,213 | Goliad Jackson ' 
CUE Mt ie Rar oe eens a ed K. Trevino No, 1-B (Kelsey field) 4,764 | Goliad io 
SB hitters: Seer aden nace Slick No. 95-B oe field) 4,433 | Goliad Vicksburg 
BO MEALES eel nchce sae eene s Slick No. 51-B (Rincon field) 4,613 | Goliad Vicksburg | 
Ui a dsr oeor Pceusiar omehec tics Chapotal No. 1 (Yturria field) 4,236 | Goliad io 
Pa Starrs -* geet ee ake ae Garcia L. & L. Co, No. 1 (Sullivan City) 4,306 | Goliad Frio 
Ae BOAT eran. tae kee ake cie Saenz-State No. 4 (North Rincon) 4,745 | Goliad Frio 
43%) Btarrints. tees ste mete Olivarez No. 2 (Sun field) v | Goliad y 
ns hc er cvlanehtecatmae Pt No. 0-5 (Hscoba 
PALA I csantetiee Batercure arcia No. C-5 (Escobas) 448 | Jackson Jackson § 
AG I ZOD RtA teehee ian ean Ramirez No. 1-B (Lopena) 3,100 | Yegua Reklaw 
GTN anata te ee cee Ramirez No. 1 (Lopena) 2,555 | Yegua Queen City fi 
Sours Corpus Curisri : : 
48 | Brooks ane McGill Bros. No. 81 (Kelsey field) 4,945 | Sand d iy 
OES RSs he oieieiaeelos aka lcGill Bros. No. 81 (Kelsey fie! 3 nd dunes rio 
AD) | Brookins hipeinsie sas ..| Riley No. 1 (La Gloria field 6,798 | Lissie rio : 
50 | Brooks............. ..| Arguillez No. 1 (La Gloria field) 6.650 | Lissie Frio 
51 | Brooks........... ..| South Unit No. 1 (La Gloria field) 6,900 | Lissie Frio > 
52 | Hidalgo.......... .| Yturria No. 1-C (Nichols) 3,960 | Goliad Frio ‘ 
53 | Hidalgo.......... Yturria No. D-4 (Nichols) 3,927 | Goliad Frio ; 
54 | Hidalgo........ Yturria No, B-1 (Nichols) 3,955 | Goliad Frio ¢ 
55 | Hidalgo.......... Arizona-Texas Citrus No. 1 (McAllen) 8,513 | Beaumont Vicksburg } 
56 | Jim Wells .| Adams No. 1—R. Adams survey 5,185 | Lissie on ; 
57 | Jim Wells Seeligson Unit 4—No. 1, sec. 68 5,038. | Lissie Tic’ ; 
58 | Jim Wells Seeligson No. 15 (Seeligson) 5,903 | Lissie Frio 
7 
59 | Jim Wells Seeligson No. 16 (Seeligson) 6,626 | Lissi i 
60 | Jim Wells Seeligson No. 17 {Becligeon} 6856 Lissie yee 4 
61 | Jim Wells Canales No. 1 (Seeligson) 5,210 | Lissie Frio : 
aa SS ae 
\ 
a 
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TABLE 2.—(Continued) 


Important Wildcats and Semiwildcats Drilled in 1941 
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Initial Production Pressure, Lb. 
per Day Choke per Sq. In. 
or 
Drilled by Bean, Remarks 
Oil, Gas, | Fractions 
U. 8. Bbl.| Millions [of an Inch Casing | Tubing 
Cu. Ft. 
1| E. R. Thomas Estate 52.4 Gas 742 1,180 1,000 | Opened Agua Prieta field 
2| Hiawatha Oil & Gas 169 14 1,000 ‘200 | Opened East Benavides field 
3 | Henderson, Coquat 100 Swabbed Opened Coquat-Lopez field 
4| Argo Oil Co. 34 7 114 pipe | 2,700 (shut-in) | Opened Rios field 
5 | Hiawatha Oil & Gas 25 1,950 1,825 | 2000-ft. east extension 
6 | Hiawatha Oil & Gas 100 20 New 5700-ft. Yegua sand 
7 | Bridwell Oil Co. 148 \Y 240 90 | SW. extension 
8 | Cox & Hamon 91 On pump New 3100-ft. Pettus sand 
9 | Hiawatha Oil & Gas Co. 220 4 1,740 | 1,170 | New 4900-ft. Jackson sand 
10 | Butler, Carter & Douglas Spray 0.75 Ho 625 | New 1800-ft. Frio sand 
11 | Sun Oil Co. 86 Heo 585 80 | Opened Govt. Wells Yegua field 
12 | Trinity Gas Co. 200 35 2,100 (shut-in) | 34 mile west ext. new 5700-ft. sand 
13 | Trinity Gas Co. 250 50 | 1 ae, east extension new 5300-ft. 
san 
14 | Forest Development Co. 7 600 (shut-in) | Opened Ramirez field 
15 | Neuhaus & Lucky 2.5 4 1,100 (shut-in) | Opened Chaparosa field 
16 | Bidrich Oil Co. Spray 10 Vg 1,050 985 | Opened Palacios field 
17 | Sun Oil Co. 20 542 1,500 1,500 | Opened Sun-Jones field 
18 | Adams, Lucky, Neuhaus 102 A 350 200 
19|M.L. Massingill 75 On pump North extension 
20 | M. L. Massingill 77 On pump North extension 
21 | Neuhaus, Adams, Lucky 2.5 975 | 850 | New 2700-ft. sand 
22 | Quintana Petr. Co. 65 On pump Recompletion in new 5400-ft. sand 
23 | Quintana Petr. Co. 406 20 Y 1,350 1,180 ae aie ee extension new 5500-ft. 
ilcox san 
24 | Quintana Petr. Co. Dry deep test 
25 = Oil Co 157 1% 740 Opened South Campana field 
26 | Argo Oil Co. 8 340 900 900 | Opened 2500-ft. Govt. Wells sand 
27 | Harry Ezzell 3 144 mile SW. extension 
28 | Transwestern Oil Co. 8 4 AG 1,010 950 | 114 mile SW. extension 
29 | Sun Oil Co. 1.042 542 1,800 1,600 | New 4600-ft. Frio sand 
30 | Sun Oil Co. 21 Ya 1,500 1,200 | Opened Yturria field 
31] Dean & Hendrickson 35 4 564 1,200 800 Saree mee extension new 2800-ft. 
Tio san 
inental Oil Co. 82 Gas Ho 210 (working) | Southeast extension 
33 hie & Pickens 168 1g 800 600 | First Crude, new 6100-ft. send 
34 | Sun Oil Co. 154 Ya 2,060 | 1,485 | New 5300- ft. Vicksburg san: 
35 | Continental Oil Co. 69 (Jetting) 114 mile south extension 
36 | Sun Oil Co. 233 Y West extension 
37| Sun Oil Co. 187 542 940 720 | 1 mile south extension 
38 | Continental Oil Co. 176 Keo 650 440 |1 mile south extension 
39 | Continental Oil Co. 52 36 1,550 1,425 | 114 mile SW. extension 
40 | Sun Oil Co. 143 %4 755 _ 580 | 1 mile NW. extension 
41 | Complete Oil Well Sve. Co. 10 38 850 (working) | 1 mile es Soence 4 
42 | Sun Oil Co 134 New gh ae en 
43 | Circle Oil Co. 13 New 4500-ft. Frio san 
44 
i On pum; New 400-ft. Jackson sand 
48 ey Pete, Co. : Gas re New 2400-ft. Queen City sand 
47 | American-Texas Oil Co. Gas New 2500 ft. Queen City sand 
le Oil & Ref. Co. 166 %a 1,050 800 | New 4900-ft. Frio sand 
- Paes Oper. Committee 250 200 3) 050 (shut-in) ee He orn 
50 | La Gloria Oper. Committee 300 100 aa ek é a 0 
51 | La Gloria Oper. Committee 500 150 : teh ees - wy Nee : < see 
52 | Baldridge & King 110 is oe 400 New 3900-ft. Frio sand 
2 aleece ee 4 = : ae 3800-ft. Frio sand 
a We Boks re 100 21.5 58 3,030 3 000 Cc haa extension new 7500-ft. 
eta a Be ea eee eee 
i Hc. Poke: Co. 167 542 1,000 900 pe extension new 5800-ft. Frio 
New 6400-ft. Frio sand 
Parent coe oe a a 4% | 1,000 | 570 | New 5500-ft. Frio sand 
SU pera Fatty 9: é 20 |1 mile west extension new 5100-ft 
61 | Sun Oil Co. 173 Yy 1,175 220 mile west extensi : 


Frio sand 


490 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING I9Q41 


TABLE 2.—(Continued) 


se eam 


Important Wildcats and Semiwildcats Drilled in 1941 


Total D t 
‘ Depth, Surface Hor 
District and County Well Name and Location Ft. or Formation labs 
Meters Se 
62.1) Jim Wells... cacnettcnceer Dunlap No. 2 (Seeligson) 6,796 | Lissie Vicksburg 
63: || Jim™WellaseC. soe Dunlap No. 3 (Seeligson) 6,276 | Lissie Frio 
64} Jimny Wi ella’ Pe rhe ote Scott No.1 (La Gloria) | 6,764 | Lissie Frio 
65.)|. dim Wells 27.7. Soy atcc aceon N. Lafferty No. 1 (La Gloria) 6,902 | Lissie Frio 
66. Jim: Wells Sees cee La Gloria No. 14 (La Gloria) 6,900 | Lissie Frio 
67 ||| Jim Wellagy: eae menos cee D. O. Maun No. 2 (La Gloria) 6,901 | Lissie Frio 
68 | Jim Wells Conkle No. 1 (La Gloria) 7,500 | Lissie Vicksburg 
69 | Jim Wells. .| Isham No. 1 (Premont) 3,936 | Lissie Frio 
70 | Jim Wells. .| Adams No. 2 (West Alfred) 4,390 | Lissie Frio 
71 | Jim Wells. B. H. Mueller No. 1 (Wade City) 5,100 | Lissie Vicksburg 
72 | Jim Wells. Fee No. 1-H (Henshaw) 5,800 | Lissie Jackson 
73 | Jim Wells... .| Cumings Estate No. 1 (Alice) 5,212 | Lissie Frio 
74 | Jim Wells Wardner No. 23 (Stratton) 6,702 | Beaumont Frio 
75 .| Wardner No. 20 (Stratton) 7,200 | Beaumont Frio 
76 J. T. Gillette No. 1, C.D.C survey 7,315 | Beaumont Frio 
77 Burow No. 1, V. L. de Herrera grant 7,512 | Beaumont Frio 
78 .| Wolter No. 1 (Agua Dulce) 6,945 | Beaumont Frio 
79 .| J. R. Knight No. 1 (Petronilla) 7,365 | Beaumont Frio 
80 .| Grove No. 1 (Banquette) 7,538 | Beaumont Frio 
81 .| Pfluger No. 2 (Agua Dulce) 7,143 | Beaumont Frio 
82 | Nueces .| Luby No. 9 (Luby field) 7,313 | Beaumont Frio 
8S il Nuenes:eikiss -. sore aie Oe Bush-Wofford No. 1 (Agua Dulce) 7,210 | Beaumont Frio 
84 | Nueces...................| Pfluger No. 1-B (Agua Dulce) 7,161 | Beaumont Frio 
85 | Nuetess ett es cc ae M. L. Rivers No. 1 (Agua Dulce) 7,114 | Beaumont Frio 
86 | Nueces...................} Wardner No. 19 (Stratton) 6,433y | Beaumont Frio 
87 | Nueces...................] Thompson-No.2 (Riverside) 7,750 | Beaumont Vicksburg 
88 | Nueces...................] Walker No. 12 (Richard King) 6,412 | Beaumont Vicksburg 
89 | Nueces..................«.] A. N. Parr No. 1 (Minnie Bock) 3,915 | Beaumont Catahoula 
90 | Nueces...................| Howze No. 2 (Minnie Bock) 6,000 | Beaumont Frio 
91 | Nueces...................}] J. O. Chapman No. 9 (Chapman ranch) 4,550 | Beaumont Catahoula 
92 | Nueces...................] Huie No. 2 (So. Clara Driscoll) 6,025 | Beaumont Frio 
93 | Nueces...................] Union Central No. 1 (Stratton) 7,192 | Beaumont Frio 
94 | Nueces...................] Sands & Eggert No. 1 (Agua Dulce) 7,502 | Beaumont Vicksburg 
95 | San Patricio.............. Ivey No. 3 (Midway field) 6,495 | Beaumont Frio 
96 | San Patricio.:............ Smith No. 1 (Midway field) 6,510 | Beaumont Frio 
07 | San Patricio... sachs. aces Welder No. 1-C (Odem) 7,213 | Beaumont Frio 
98 | San Patricio.............. Lane No. 1 (Odem) 5,460 | Beaumont Frio 
99 | San Patricio:..2....< 0... Lane No. 4 (Odem) 3,548 | Beaumont Catahoula 
LOO AWNVitleep ee See Sos acer et Willamar Community No. 1-B (Willamar) 8,728 | Alluvium Frio 
LOL Willnty 27 Soe ane nde Kent No. 1 (Willamar) 7,970y | Alluvium Frio 


the lensing out of sand bodies, occurs in a 
lateral as well as landward and seaward 
direction. Sands of the marine beds are 
usually of large areal distribution and 
generally retain a relatively uniform thick- 
ness throughout their distribution, whereas 
the sands laid down by land agents are, as 
a rule, highly lenticular and extend over 
relatively short distances. Followed down- 
dip, the continental sands are found to 


grade into marine sands, and the latter to 
be replaced eventually by marine shales 
as the seaward direction is continued. 

The complexity of Cenozoic sedimenta- 
tion has brought and will continue to 
create many problems for the Coastal 
geologist in his attempts to interpret 
subsurface conditions. The more successful 
he is in deciphering the detailed geologic 
history of Cenozoic sedimentation, the 
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TABLE 2.—(Continued) 
(eo i a a ee a a ee 
Important Wildcats and Semiwildeats Drilled in 1941 
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Initial Production Pressure, Lb. 
per Day Choke per Sq. In. 
or 
Drilled by Bean, Remarks 
Oil Gas, Pera 
" Millions }of an Inch} Casing | Tubing 
U.S. Bbl. Cu. Ft. 
62 | Transwestern Oil Co. 154 an 1,200 1,200 | New 6000-ft. Frio sand 
63 | Transwestern Oil Co. : 160 Yea 1,375 1,190 | New 5900-ft. Frio sand 
64 | La Gloria Oper. Committee 300 80 2,500 (shut-in) | New 6100-ft. Frio sand 
65 | La Gloria Oper. Committee 200 100 New 5900-ft. Frio sands 
66 | La Gloria Oper. Committee 150 60 New 6800-ft. Frio sand 
67 | Magnolia Pet. Co. 167 4 1,650 1,425 es crude production in La Gloria 
e2, 
68 | Magnolia Petr. Co. 80 Extension and new 7100-ft. Vicks- 
burg sand 
69 | J. A. McCartney 90 A 575 0-75 | New 3700-ft. Frio sand 
70 | Wilcox Oil & Gas Co. 5 He 1,700 1,620 | New 4300-ft. Frio sand 
71 | Smith & Mosser 50 20 1,400 (shut-in) | New 3200-ft. Frio sand 
_ 72 Rand Morgan 100 A New 3700-ft. Frio sand 
73 | H. H. Howell 75 10 Ehcextengicn, between Alice & Ben 
ty) 
74 | Chicago Corp. 300 100 Extension west into Jim Wells 
? County 
75 | Chicago Corp. 200 100 South extension into Kleburg Co. 
76 | Geo. B. Buescher _ 175 1g 1,500 1,220 | Opened Petronilla field 
_ 77 | Osborn & Mid-Continent 12 0.5 YY 600 500 | Opened Banquette field 
78 | Taft Oil Co. 50 3 1g 114 mile south ext. east flank 
79 | Geo. B. Buescher _ 76.5 1g 2,480 1,920 | New 6900-ft. Frio sand 
80 | Osborn & Mid-Continent 500 50 yy 2,400 (shut-in) | New 6900-ft. Frio sand 
81 | S.E.W. Oil Co. 110 Yy 1300 300 | Imile SE. ext. new 7000-ft. Frio sand 
82 | Seaboard Oil Co. 150 14 950 850 | Opened Luby Deep field, 7300-ft. 
Frio sand (Luby) 
83 | R. H. Hawn 230 a3 1,745 1,760 | Between Agua Dulce and Stratton, 
new 7000-ft. sand 
84 | S.E.W. Oil Co. 157 1g 1,400 1,250 | 1% mile east extension, 7100-ft. 
, sand (new?) 
85 | Wilson & Gulf Plains 172 1g 1,900 1,300 | First crude on west flank 
86 | Chicago Corp. 230 1g 1,120 1,160 | First crude on west flank 
87 | Stanolind O. & G. Co. 50 10 lg 2,450 (working) | New 6900-ft. Frio sand 
88 | Southern Minerals 13 Gas \% New 6200-ft. Vicksburg sand 
89 | Windsor Oil Co. 41 YA 1,150 950 | New 3700-ft. Catahoula sand 
90 | Wellington Oil Co. 50 2.5 542 2,000 1,850 | New 5500-ft. Frio sand 
91 | Seaboard Oil Co. 163 (On pump) New 4200-ft. Catahoula sand 
92 | Texas Conservative Oil Co. 102 1a 475 _ 200 | 1 mile south extension 
93 | Wilson & Gulf Plains 150 75 1g poe extension and new 6800-ft. 
san 
94 | Ginther, Warren & Ginther 75 342 2,640 (working) | 1 mile east extension 
95 | British-Amer. Prod. Co. 68 38 2,050 1,975 | New 6000-ft. Frio sand 
96 | Pan-American Prod. Co. 182 542 | (Sealed) 900 | New 6200-ft. Frio sand 
97 | Wellington Oil Co. 145 Vy 1,075 625 che Seca and new 65400-ft. 
rio sani 
98'| Seaboard Oil Co. 221 964 | (Sealed)| 1,000 Bik paeansion and new 5300-ft. 
Tio san 
99 | Seaboard Oil Co. 5 245) V4, 1,425 1,350 | New 3500-ft. Catahoula sand 
100 | Pan-American Prod. Co. 91 \% New 7800-ft. Frio sand 
101 | Pan-American Prod. Co. 108 V4 (Sealed) 175 je NW. sopencien and new 7900- 
t. Frio san 


In Proven Fields 


Rank Wildcats 


Number of wells drilling Dec. 31, 1941 
Number of oil wells completed during 1941 
s wells completed during 1941 
'y holes completed during 1941 


Number:of 
Number of 


127 37 
927 11 

66 4 
213 230 
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more successful will be the oil industry in 
finding those stratigraphic and_ sedi- 
mentary traps that will become increas- 
ingly more important as sources of oil in 
the Coastal area. Certainly the character 
of sedimentation in this region means, at 
least, that chances for combinations of 
shales and sands into sedimentary and 
stratigraphic petroleum traps are pro- 
portional to the complexity of their original 
relationships and to the complexity of 
the post-depositional changes in these 
relationships. 


DuvaL County, LAREDO DISTRICT 


New Fields 


Agua Prieta Field —E. R. Thomas Es- 
tate’s Parr No. 1, Callaghan subdivision, 
survey 11, one mile east of Muralla 
field, flowed 52 bbl. of 46° gravity oil daily 
from perforations at 4711 to 4712 ft. ina 
Pettus sand at 4708 to 4720 ft. The well 
had been plugged back to 4726 ft. after 
drilling to 5025 ft. in the Yegua. Production 
was through 74»9-in. choke, under 1000 lb. 
tubing and 1180 lb. casing pressure. Com- 
pleted 4/13/41. 

East Benavides Field——Hiawatha Oil 
and Gas Company’s Geo. Parr 1-A, San 
Andres grant, 114 miles east of Benavides 
field, produced 169 bbl. of fluid, 80 per 
cent 43° gravity oil, 20 per cent water 
daily from perforations at 4915 to 4018 ft. 
in Jackson (Government Wells) sand at 
4915 to 4940 ft. Pressures were 200 lb. on 
tubing, 1000 lb. on casing. Gas-oil ratio was 
155 to 1; total depth, 5040 ft. Completed 
7/21/41. 

Coquat-Lopez Field.*—Henderson Co- 
quat’s Lopez 1, sec. 455, 7 miles northeast 
of Bruni, swabbed too bbl. of 20.6° gravity 
oil on Dec. 29, to open this field from Cole 
sand at 1693 to 1705 ft. (total depth); 
perforations were made at 1697 to 1703 
feet. 


* Unofficial name. 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING IQ41 


Government Wells Yegua.—Sun Oil Com- 
pany’s Wiederkehr 75, sec. 55, one mile 
northeast of Government Wells field, 
opened this area with a daily flow of 
86 bbl. of 36.2° gravity oil, 3{¢-in. choke, 
from Yegua sand at 2936 to 2940 ft. (total 
depth). Pressures were 80 lb. on tubing, 
585 lb. on casing; gas-oil ratio 180 to 1. 
Some people consider this area to be an 
extension and new sand discovery for 
the Government Wells field. Completed 
11/28/41. 

Rios Field—Argo Oil Company’s C. 
Gonzales 1, Carrera grant, to miles north- 
west of Premont, gauged 7,000,000 cu. ft. 
of gas with 34 bbl. of 51.2° gravity distillate 


daily to open this field from sand at 6270 


to 6308 ft., in Hockleyensis topped at 
6146 ft. The well had been drilled to 6308 ft. 
and was cemented at 6296 ft. after drill 
stem was stuck there. Perforations were 
then made at 6270 to 6284 ft. (60 shots); 
shut-in pressure was 2700 lb. Completed 
7/27/ 4X. 


New Sands in Existing Fields 


Benavides Field —Hiawatha Oil and Gas 
Company’s Parr 30, a 2000-ft. east exten- 
sion, produced 5,000,000 cu. ft. of gas and 
16 bbl. of 56° gravity distillate daily from 
a Yegua sand at 5584 to 5504 ft., through 
perforations at 5588 to 55094 ft. Pressures 
were 1825 lb. on tubing and 1950 lb. on 
casing. Total depth was 5995 ft. Completed 
3/19/41. 

The company’s Parr 31 was completed 
from Yegua sand at 5721 to 5740 ft. Daily 
flow was 20,000,000 cu. ft. of gas and 
100 bbl. of 65° gravity distillate. This sand 
produces in the Sweden field. 

Hoffman Field —Cox and Hamon’s Cuel- 
lar 5, C. and M. survey 123, pumped 
gt bbl. of 26° gravity oil daily on test from 
perforations at 3151 to 3152 ft. in a 
Cockfield sand found at 3142 to 3152 feet. 

Labbe Field—Butler, Carter and Doug- 
las’ Labbe 3, I.G.N. survey 2, opened a 
Frio sand at 1872 to 1902 ft. when it flowed 


I A a <A A ty 


™ ae ct / 


MICHEL T. HALBOUTY AND JAMES J. HALBOUTY 


750,000 cu. ft. of wet gas daily from 
perforations at 1896 to 1899 {t., 34¢-in. 
choke. Tubing pressure was 625 lb.; total 
depth, 2930 feet. 

Sweden Field—Hiawatha Oil and Gas 
Company’s Herberger 6, sec. 25, 34 mile 
south of the field, flowed 220 bbl. of 45° 
gravity oil daily from upper Jackson sand 
at 4929 to 49309 ft., 3{¢-in. choke; perfora- 
tions were made at 4932 to 4937 ft. Tubing 
pressure was 1170 lb.; casing pressure, 
1740 lb.; total depth, 4940 feet. 

Sejita Field—Trinity Gas Company’s 
Casey 2, a 34-mile west extension, Ramirez 
grant, gauged 35,000,000 cu. ft. of gas and 
aco bbl. of 54° gravity distillate daily from 
perforations at 5770 to 5785 ft. in Hock- 
leyensis sand at 5770 to 5830 ft.; shut-in 
pressure was 2100 pounds. 

_ The same operator’s Yzaguirre 1, a mile 
east of the field’s discovery well, showed 
for 50,000,000 cu. ft. of gas and 250 
bbl. of 54° gravity distillate daily on test 
through perforations at 5375 to 5395 ft. in 
Hockleyensis sand; total depth, 5547 feet. 


Jr Hoce County, LAREDO DIsTRICT 


New Fields 


Ramirez Field—Forest Development 
Corporation’s Ramirez 1, two miles west 
of the Colorado field, I.G.N. survey 271, 
flowed 7,000,000 cu. ft. of dry gas daily 
from perforations at 1998 to 2001 ft., in 
Mirando sand at 1992 to 2006 ft. Shut-in 
pressure was 600 lb.; total depth, 3006 ft. 
in Yegua. Completed 3/31/41. 

Chaparosa Field —Neuhaus and Lucky’s 
Bute 2, El Randado grant, 5 miles south- 
east of Randado, was brought in as a 
20,000,000-cu.-ft. gasser from perforations 
at 2855 to 2863 ft., in Lower Government 
Wells sand at 2855 to 2868 ft., }¢-in. choke. 
Shut-in pressure was 1100 lb.; total depth, 
3465 ft. Completed 5/17/41. 

Neuhaus, Adams and Lucky’s Gallagher 
2 flowed 2,500,000 cu. ft. of gas from Upper 
Government Wells sand at 2781 to 2792 ft. 
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This daily production was from perfora- 
tions at 2783 to 2791 ft., under 8s0 lb. 
tubing and 975 lb. casing pressures. Total 
depth was 3071 feet. 

Neuhaus Field—Adams, Neuhaus and 
Lucky’s East 1, about 14 mile south of the 
Chaparosa discovery well, was completed 
Dec. 30 for a daily flow of 75 bbl. of oil, 
44-in. choke, from Pettus sand at 3462 to 
3471 feet. 

Palacios Field—Bidrich Oil Company’s 
Palacios 1, block 17, sec. 287, about 34 mile 
east of Randado field, flowed an estimated 
10,000,000 cu. ft. of wet gas daily, 1¢-in. 
choke, from perforations at 2924 to 2930 ft. 
in a Yegua sand at 2924 to 2930 ft. Tubing 
pressure was 985 lb.; casing pressure, 1050 
lb.; total depth, 3008 ft. Other sands at 
2623 to 2628 ft., 2753 to 2759 ft., and 2851 
to 2872 it. had shows. Completed 9/18/41. 

Sun-Jones Field—Sun Oil Company’s 
Jones 1, Agua Neuva de Abajo grant, 
30 miles northeast of Rio Grande City, 
flowed an estimated 20,000,000 cu. ft. of 
gas daily, 542-in. choke, from perforations 
at 4230 to 4235 ft. in Jackson sand at 
4211 to 4268 ft. Pressures were equalized at 
1500 lb. Total depth was 6009 feet. Com- 
pleted 12/8/41. 


La Satre County, Larepo DIstTRIctT 


New Sands in Existing Fields 


Washburn Field—Quintana Petroleum 
Company’s Washburn 1, survey 67, dis- 
covery well for this field, was recompleted 
on March 3 in Wilcox sand at 5413 to 
5430 ft. for a daily pumped production of 
65 bbl. of 40.5° gravity oil. Original com- 
pletion had been made the previous year 
in Wilcox sand through perforations at 
4860 to 4867 it., but the well made con- 
siderable water. 

The same company’s Washburn 4, sec. 
86, 114 miles southwest of No. 1, opened a 
Wilcox sand at 5513 to 5578 ft. A dual 
sand completion, the well flowed 406 bbl. 
of 40.3° gravity oil daily, 44-in. choke, 


TABLE 3.—Deep Wells Drilled during 1941 


County Location | Company and Well | ee spe | Formation Results 
LarEpo District, WELLS DRILLED TO 6000 FEET AND BELOW 
Duvalaces«. ‘Wildcat, 734 mi. SE. Reali- | Henderson, Coquat, Garcia | 6,515 Yegua Dry 
tos, Hinojosa grant No. 1. , 
Duval:.-.oe6 Wildcat, 10 mi. NW. Pre-| Argo Oil Co., Gonzales No. 1} 6,308 Hockleyensis 
mont, Carrera grant gas 
Ditvaleaerer Wildcat, 3 mi. S. Realitos, | H. Coquat, Y. 6,008 Yegua Dry 
Hinojosa grant ay No. 2 
Divalent ac Wildcat, share 8, San Fran- H. Howell, 6,060 Yegua Dry 
cisco grant aractbes No. 1 
Diayalhecset East Benavides field Hiawatha Oil & Gas, Geo.| 6,510 Yegua Dry 
Parr No. 2-A 
Dinvaleeee ie Wildcat, Sejita area ety Gas. Co., Barerra | 6,085 Yegua Dry 
o. 1 
Dinvalie coe Sweden field Hiawatha Oil & Gas, Miller | 6,015 Yegua Dry 
No. 12 
La Salle .| Washburn field Quintana Petr. Co., Wash- |11,042 Cretaceous Dry 
burn No. 3-A 
Starty neacn LeReforma field Collins & Co., Guerra No. 2} 6,238 Vicksburg Dry 
Scar ae en Wildcat, share 1, Los Lewis Prod. Co., Osborn | 6,007 Vicksburg (y) | Dry 
Retachez grant No. 1. : 
Starre.d seas Sun field van ras Co., Speer State | 6,001 Jackson Oil 
o. 6- 
StatTsa. ces La Reforma field es & Pickens, A. Guerra| 6,108 Vicksburg Oil 
Once 
Starters North Sun field, Los Reta- | Sun Oil Co., Montalvo No. | 6,607 Jackson Oil 
chez grant 1=Ci. = : 
Wena nahaoe ee I5 mi. NW. Calla- ee hee Co., Hamil-| 9,197 Cretaceous Dry 
ton No. I- 
Webb....... Wildcat, 20 mi. E. Laredo | Union Prod. Co., Volpe &| 7,018 Wilcox Dry 
Benavides No. 1 
WeebDieneess Wildcat, sec. 24, 22 mi. NW.} Magnolia Petr. Co., Santos} 6,830 Cretaceous Dry 
Laredo Tomas No. 1 
Jim Hogg...| Wildcat, Agua Neuva de] Sun Oil Co., Jones No. 1 6,009 Yegua Gas 
Abajo grant 
SoutH Corpus Curisti District, WELLS DRILLED TO 7750 FEET AND BELOW 
Brooks, 2. Wildcat, survey I41 Sun Oil Co., Cage No. 1 8,012 Yegua Dry 
Cameron....| Wildcat, Skelton survey, 6| Pure Oil Co., Newberry No. |11,266 Frio Dry 
mi. SW. Port Isabel 4 ; ; 
Hidalgo..... Wildcat, 1 Mi. S. San Juan | W. R. Davis, Inc., Dawley, | 8,508 Vicksburg Dry 
Jefferson No. 1 . 
Hidalgo..... McAllen field W. R. Davis, Inc., Arizona] 8,513 Vicksburg Distillate 
& Texas No, 1 and gas 
Hidalgo..... Wildcat, 5.7 mi. S. Donna|La Gloria Corp., W. C.| 9,008 Vicksburg Dry 
La Blanca grant Adams No. 1 
Jim Wells...} La Gloria field Magnolia Petr. Co., Breth-| 8,043 Vicksburg Dry 
ren Church No. 1 
Kenedy..... Wildcat in Laguna de los aru fe aa State Tract |10,044 Vicksburg Dry 
Olmos, 7 mi, SE. Riviera 388 N 
Kenedy..... Wildcat, 8 mi. SW. Mifflin | ror Oil Go. & C. G. Newton,| 8,000 Frio Dry 
Kenedy No. 2 
Nueces...... East Flour Bluff field Humble Oil & Ref. Co.,] 8,570 Frio Dry 
State No. 6-D 
Nueces...... Clara Driscoll field be vag Oil Co. Driscoll | 8,055 Vicksburg Dry 
0. 2- 
Nueces...... Riverside field Stanolind Oil & Gas Co.,] 7,750 Vicksburg Distillate 
f Thompson No. 2 and gas 
Nueces......| Wildcat at Taylor Island| Humble Oil & Ref. Co.,] 9,565 Frio 
Tract 246 State Aransas Bay No. 1 
Nueces...... Chapman field Beppeess 08 Oil Corp., Chap-| 7,750 Frio Gas 
man No. 
Nueces... East Flour Bluff field Humble Oil & Ref. Co.,| 8,604 Frio Oil 
State No. 1-K 
Nueces......| Stratton field Hiawatha Oil & Gas Co.,| 8,138 Vicksburg Oil and gas 
Rogers No. 1 
Nueces...... East Flour Bluff field Humble Oil & Ref. Co.,| 8,641 Frio (Relief 
State No. 7-D well) 
Nueces...... Agua Dulce field Sam_E. Wilson, San An-| 8,005 Vicksburg Dry 
tonio Land Bank No. 1-A 
Nueces...... Saxet field Southern Minerals-Houston |10,507 Vicksburg Oil (4716- 
’ : Oil, Lawrence No. 1-A 4724) 
Nueces...... Moar ml 5 mi. SW. Clark- Phillips Petr. Co., Mastin | 7,765 Frio Dry 
woo o.1 
Nueces...... Agua Dulce field Stanolind Oil hy Gas Co.,| 8,510 Vicksburg Dry 
Weinert No. 
Nueces...... East Flour Bluff field Humble Oil & Ref. Co.,| 8,200 Frio Dry 
. . State No. 4-E 
Willacy..... Willamar field Pan-American Prod. Co.,} 8,728 Frio Oil 
F 5 G Willamar No. 1-B 
Willacy..... Wildcat, 144 mi. NW. La] Clark & Cowden, Yturria |} 8,505 Frio Dry 
‘ Sal Vieja field No. 1 
Willacy..... Willamar field Pan American Prod. Co.,| 7,861 Frio Oil 
‘ ; Estelle Hodge No. 1 
Willacy..... Willamar field Pan American Prod. Co.,| 7,983 Frio Oil 
‘ Burgess No. 1 
Willacy..... Wildcat, 3 mi. NW. La Sal | Clark & Cowden, Garcia L. | 8,505 Frio Dry 
; Vieja field & L. Co. No. 1 
Willacy..... Willamar field Pan ra pig Prod. Co.,| 7,970 (y)| Frio Oil 
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TaBLE 4.—Total Number of Wells Drilled in South Texas Fields during 1941 


= =a TTT in 7ST Sen nec Wuppoceeeeeeeee——————_————EEEESSS a ee 
Dis- 


Field tillate | G iitet 
Seat as| Dry Bel Field pillate Gas| Dry| Total 
x : DuvaL CouNTY ZAPATA COUNTY 
Bia Prieta... es. ss ese. I oO 
ea a et E to) 1 ||Charco Redondo min nna: 12 0 0 12 
sag Benavides............. I 3 5 2 Ce “pee ane : 9 alee a 
Sere Ne ae Pee Me GENO. furs) oy Wopenarcen tL ee : Sait ae s 
Wasa, Blanca’ gotten aren. a " E : sla cai ER ha aE PRs BOS: 
Cedro EEA ees 8 ‘ 3 2 Mofal see, hay hema tne ike 16 12 | 11 30 
ari 2 istri 
pe ee Dene Bans x8 : 6 25 Grand Total, Laredo District | 443 1 49 1143 | 635 
Gommenat Ae etm. to) to) 3 : At peers COUNTY 
Clee ee es Pay Nlesasmae tetas ecm am I ) 
Bei iaisling)) ce ean. 3 Palate : Relse yy ict ointh am tenet os toe 18 pee Be 
Conoco, Driscoll... 22.7.7 62. 14 fo) 2 16 La Gloria......... 2.2.1.6... 5 e ¢ 5 
Coquat-Lopez: 63.006. 6.54.6. I o| o I Palo Blanco................. 2 2 z z 
Government Wells.......... 3 o | 24 Lotals > 
Hoffman Babe ais Es: 5 Dost Bete) eK, oiled sd ele ihe es 37 I 2 40 
Ol ler ete ee ES ene % ¢ = Eo OURS 
Ree wimtaes he eS a ek MCATIE NS ey. ita, sleizraiac, Aacte. <8 
ee betel s. ul ° 5 Pl Nichols se icebnie serene us ' 5 a) 
Le nee a es 3 ) 2) |\SamiFordycey seulstene ame 3 oO o 3 
Mai. ee a a S Ps ¥y | Sullivan’ Citiyissrssles eee siete 2 oO Co) 2 
WA CALL Ae Re) tape heey I oO : dl Total.......... 17 o 
Pee ee Peet ie? Sig asl ot e.g. | oa SIT Tae meee 2 e 
eee ee eh ey Eb S Se 
iccestinmbes a . : é = Adfnedsoch Seen aright aie es 3 I 2 6 
Re achaSolo d a > yA Wel Misr oor ans gehen ornate 2 oO Co) 2 
LS TOIS, 06. See, Ci a AR See I to) (0) I Bast Sieve() om Graliam) =. x e 2 2 3 
Selita... 3 = : 3 aes BOL erepusrogye sate isi seopeiete. 14 Co) 2 16 
Sec aniGietens - i 4 aplatnLUcey celles sieniene I to) to) I 
Southland . SH Clarice MU cil Satecve i desetonue mies (0) (0) a I 
2 yo Oe ae : ; : Zs || valldernariemetsctteve seers ae I (0) I 2 
Tarancahuas................ (0) (0) BY eee ne or Soe Uap 8 3 3 we 
3 Sul'Orange Groveton: sceceaece TZ fs) I 
ves Meet eh cpeerk @ SissS een te. 6.8 122 DMO N2OL ||| PremMoOrnt.. ties «ns chers sire sem she 3 oO ar : 
Jim HocG County East Premont (Seeligson)....| 22 o Co) 22 
ROHL APALOSA ee ares Scheele erusvaiaceiave fo) 2 55 = 2 4 
(SOOLAd Grose «tees watos sas 74 ir F ga o y H 
South Colorado... . 5 fis eee s fo) fo) I t Be 2 5 28 
Henne- Winch-Farris (0) to) vP I 95 4 | 19 | 118° 
Holbein 9 fo) 2 Iz K aie! 
IRGIRE peat atom mopodpe 4 to) I 5 id fe AA asa! 
Las Animas r 5 a > | Baffins Bay (total for county)| 0 one I 
BUNA Se ee ects sl onis eaalee conn Svs Bae) 2 2 I4 KLEBURG COUNTY 
NEU S IAC pS ani aito: Sa etee I 0 fo) * = 
Balagtos colic x | 2) | + [Stratton Gotal for county)... 7 | ol of 7 
IIE TOA nia these rote alacer ao % to) I (0) I 2 
ULL OLES siete: sya at=Jascbaste Sue gis ° I fo) 7 Ae ab 
Total eee Atoiian MD (le Garr wtra a tyanecstccniete s 804 5 7 92 
wee teeter tet eee 99 9 | 13! £21 \|\North Agua Dulce. .........% 2 oO IT 3 
McMULLEN COUNTY Ban quetye ee ahs cseceicasiotets steve 2 0) (0) 2 
(GAIN eT a ae ee ae eee (0) to) I I Chapman Ranch............. 2 x 2 3 
rere G@allinati ia. Le ee io = = es ClaraeDriscolln: s<laeisite scl: 7 3 2 3} 
SoutheCatpatiay aha errs. 6 ep a g joouth Clara Driscoll.....-.-. a7 pe eh 
“Ol, Oe a eae : a a 2 || Corpus Curistivc cc. kre stebucas 14 to) to) I 
RAT eae ee ee a 5 3 Bast: Plotr Bitte conus. eure a ro I 4 15 
See occ ee Te a a 5 z Tetalby® tactics ote thee sci utaotReeaars 44 to) o 5 
Total eee North Luby i. caueco valcasncin I fo) (0) ME 
Sb 6 Dob DB OIOeTO Om eae 8 Bu eS ate acOl Minnick ocksnnminec-hetenar @30 Only Tse 
LA SALLE COUNTY Retronilla st: pec «\imiespenr 2 Co) te) 2 
Washburn (total for county). .| gon on een | 3 Richard King............... 30 iY o 30 
Riverside yeaschiacts wea pen, neu I ) (0) I 
STARR COUNTY RODSbONY,£ worse ore se uiels ane I to) 2 3 
On Lem ee lve Maries cutlets loans. snare s fe) 9 12 CA OEY We a tr BF 2 fo) fo) 2 
IKENSEYsete hee rte Kors ean bee 6 Evil to) 5 MON OMIELC se Mer crewttre Priest nieM tac ¢ 7 2 ° 9 
PAMELA’. nssie neice disse aes I oO I B NStratbo he. teats woe & 63 T 44! 68 
OS) OUMNOS Noe): eerie == = 2 fo) to) @) | Tusdkey: Creek fo. w ohare ecg. (0) oO 24 2 
HREGTNG OTE esate |< (oicrelelaloleis » sce)-1a)" 69 2 \-ne 82 || East White Point............ 6 ° fo) 6 
North Rincon...... Sein heman iets 8 I @) II Total 278 I 2 
Rio Grande City............ 4 ° 6 10 |§ —— a Z EEC EL 
Bones City ceo eet ensisa tues Io I to) II San Patricio COUNTY 
PERLUEM teea stetoah shel atece: ce ls cuciorsiece 24 (9) 6 30 i 
ee a able hal eI Pot ne re pe Sathaes ee ie 
Young (Charco Blanco)...... 0 Oia TE OdSaieen tee eet al Aa oro ie a 1 gars 
7 ene NOE AROTOE ORONO OECD 4 to) to) 4 Piyatoubhioa is aepag somes omtiagerec 5 to) to) 5 
FAP UIET Cosette leis) clavate <\ +) ons .omarn (0) te) I I_|East Plymouth.............. (0) to) I I 
Dscstall sa aes alone ial carnivore erat 137 4 | 42 | 183 || White Point. ............. () ) I I 
Wess County East White Point............}. 5 te) I 6 
= eee iS = = = MOtaleiecneciAtucen op kererie suns t 58 conan 70 
WaxcolitlaaLCXAS-)cplas cco eres fo) (0) 14 I Wiitacy County 
Cole WES iocaes soaede ou cobo ee ty) Onl uee 2 5 Tf 
3 = 2g || Willamar (total for county)...| 4 | 0 ) 4 
I I 37 |Grand Total Corpus Christi | | 
) 2 2 DO pe ae OlRAt proaabicioiaey O. 5 Mime tia 406 2r | 70 | 587 
Ou tad I_| Grand Total South Texas | | 
4 9 72 Bieldaser e aretoee ee tee oes 939 70 ‘£222 


1 Includes West Casa Blanca. 2 Includes South Charamousca. # Includes East Cole, 4 Includes one deepened 
well. 5Includes one recompletion in new zone. § Includes five deepened wells. 7Includes West Alfred (new). 
8 Also, two oil wells and one dry hole in Live Oak County portion of Ezzell field; four oil wells, two dry holes in 
Aransas County portion of Aransas Pass field. 
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under 525 lb. working pressure and with a 
gas-oil ratio of 425 to 1, from perforations 
at 5530 to 5550 ft. Perforations at 4822 to 
4832 ft. in Wilcox sand at 4822 to 4841 ft. 
showed a daily flow of 20,000,000 cu. ft. of 
gas with distillate, 14-in. choke, under 
1180 lb. tubing and 1350 lb. casing pressure. 


McMUuvLLEN County, LAREDO DISTRICT 


New Fields 


South Campana Field—Argo Oil Com- 
pany’s Edrington 1-I, A.B. and M. survey 
61, two miles southwest of Campana field, 
flowed 157 bbl. of 22.8° gravity oil from a 
Pettus sand at 3012 to 3023 ft. Gas shows 
were encountered in a Cole sand at 1843 to 
1880 ft. and in a Government Wells sand 
at 2574 to 2588 feet. 

The first completion in the Government 
Wells sand was provided by the company’s 
Edrington 3-I, survey 61. This well flowed 
8,000,000 cu. ft. of gas with water from 
perforations at 255914 to 2561 ft. in sand 
at 2554 to 2568 ft., under goo lb. equalized 
pressure. 


STARR County, LAREDO DISTRICT 


New Fields 


Yturria Field——Sun Oil Company’s Ytur- 
ria Land and Livestock No. 1, Porcion roo, 
sixteen miles east of Rio Grande City, was 
completed Sept. 22 for a flow of 21 bbl. of 
44.2° gravity oil and 144 bbl. of water 
daily, 744-in. choke, from perforations at 
4232 to 4233 ft. in Frio sand at 4232 to 
4248 ft. Pressures were 1200 lb. on tubing, 
1550 lb. on casing. Gas-oil ratio was 
17,481 to 1; total depth, 488o feet. 

North Sun Field——Sun Oil Company’s 
Montalvo 1-C, Los Retachez grant, 2 miles 
northeast of the Sun field, was completed 
Dec. 23 in a Vicksburg sand at 5376 to 
5396 ft. through perforations at 5386 to 
5389 ft. Daily flow was 154 bbl. of 46.7° 
gravity oil, 7%4-in. choke, under 1485 lb. 
tubing and 2060 lb. casing pressure. Gas- 
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oil ratio was 1663 to 1; total depth, 6607 
feet. 


New Sands in Existing Fields 
Boyle Field——Dean and Hendrickson’s 


M. M. Garcia 1, block 215, Porcion go, a — 
mile northwest extension, flowed 4,000,000 — 


cu. ft. of gas and 35 bbl. of distillate daily 
to open a new Frio level from perforations 
at 2850 to 2855 ft. Production was through 
564-in. choke under 800 lb. tubing and 


1200 Ib. casing pressure. Total depth was 


3476 feet. 


TABLE 5.—Rank Wildcats (New Field 
Discoveries) Completed during 1941 
inet D 

t 
rere Gas Hole! 
Gas 


County Oil 


LAREDO DISTRICT 


RIGVAR. neg. ce aoe eee 4 I ° 47 
im. Hoge: Baus See ee ces I (0) 4 30 
Poa Sable fcc, cole ce ae eins oO te) te) “2 
Meé Mallen 2.55... ot sic china I fe) oO 13 
Stare fo. < cinidc cio peice acta eee 2 ta) ts) a9 
Wobbs....c..8 ome « ah e eee a ty) °o to) 40 
Zapata.. : ts) fo) fe) zy 
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Average South Texas, one new field per 14.5 rank 
wildcats 


North Rincon Field.—Sun Oil Company’s 
C. M. Hall 1, survey 99, completed July 11, 
flowed 1,042,000 cu. ft. of gas with some 
52° gravity distillate daily, 542-in. choke, 
from Vicksburg sand at 4630 to 4670 ft. 
Perforations were made at 4665 to 4670 {t.; 


— 
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pressures were 1600 Ib. on tubing, 1880 lb. — 


on casing; total depth was 5478 feet. 
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Another Vicksburg sand was opened by 
the company’s Saenz-State 4, Bozan 
survey 80. This well flowed 134 bbl. of 
41.9 gravity oil from sand at 4725 to 
4745 ft. (total depth). 


TABLE 6.—New Sand Discoieries in 
Established Fields, by Counties 
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and 800 lb. on casing; total depth was 
6108 feet. 

Sun Field.—A new Frio sand was opened 
Oct. 25 by Circle Oil Company’s Olivarez 2, 
survey 241, when it produced 13 bbl. of 
47° gravity oil from sand at 4500 to 4565 
feet. 


ZAPATA CouNTY, LAREDO DISTRICT 
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Average South Texas, I new sand aft: 19.7 field or 
extension wells 


1 Does not include 17 field-discovery wells of 1941. 


La Reforma Field.—Porter and Pickens’ 
A. Guerra 1, block 5, share 6, San Jose 
grant, 14 mile northeast of the field’s 
discovery well, gave added importance to 
La Reforma field when it flowed 168 bbl. 
of 42° gravity oil daily, thus providing 
the first crude to be produced in this 
distillate-producing area. Production was 
obtained from perforations at 6152 to 6154 
ft. in a new Vicksburg sand at 6140 to 
6168 ft. Pressures were 600 lb. on tubing 


Company’s Ramirez 1-B, block 3, share 1, 
which produced gas under 1000 lb. rock 
pressure from perforations at. 2416 to 
2462 ft., and by American-Texas Oil 
Company’s Ramirez 1, which produced 
gas from perforations at 2500 to 2535 ft. 
Both levels are in the Queen City formation. 


Brooxs County, SouTH Corpus 
CHRISTI DISTRICT 


New Sands in Existing Fields 


Kelsey Field——Humble Oil and Refining 
Company’s McGill Bros. 81 opened a new 
Frio sand when it flowed 166 bbl. of 45° 
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gravity oil daily through perforations at 
4924 to 4930 ft. from %,4-in. choke. Pres- 
sures were 800 lb. on tubing and 1050 lb. on 
casing; total depth was 4945 ft. 

Nichols Field—Baldridge and King 
Yturria 1-C, Porcion 43, flowed 110 bbl. of 
34.7° gravity oil daily from perforations at 
3673 to 3678 ft. in a Frio sand at 3670 to 
3678 ft. Pressures were 550 lb. on tubing 
and 675 Ib. on casing; total depth was 
3960 ft. Completed 3/14/41. 

The same company’s Yturria D-4 topped 
another lower Frio sand at 3904 ft. and on 
May 9g flowed 116.6 bbl. of 37.6° gravity 
oil through 1¢-in. choke, under 4oo lb. 
tubing and 650 lb. casing pressure from 
perforations at 3904 to 3912 ft. Total 
depth was 3927 feet. 

The company’s Yturria B-1, completed 
Feb. 13, flowed 88 bbl. of 37.7° gravity oil 
daily from a Frio sand at 3869 to 3875 ft.; 
total depth, 3955 feet. 

McAllen Field—Davis Inc.’s Arizona 
and Texas Citrus 1, lot 1, block 8, a 
7250-ft. southeast extension, was completed 
on Aug. 24 from Frio sand at 7520 to 7550 
ft. for a daily flow of 21,500,000 cu. ft. of 
gas and roo bbl. of 52.4° gravity distillate, 
5g-in. choke. Pressures were 3000 lb. on 
tubing, 3030 lb. on casing. Total depth was 
8513 feet. 


Jum WELLS County, SourH Corpus 
CuRistTI DiIstRIcT 


New Fields 


Haldeman Field—Magnolia Petroleum 
Company’s Seeligson Unit 4, well 1, 
sec. 68 opened the Haldeman field, produc- 
ing from a Frio sand at 5019 to 5040 ft., 
8000 ft. southeast from the Premont 
pool. Completion was attempted first with 
a total depth of 5038 ft., but perforations at 
5024 to 5030 ft. showed an extremely high 
gas volume, which was cut off only after 
three squeeze jobs. The sand was then 
penetrated to 5040 ft., and final completion 
on Apr. 25 resulted in a flow of 106 bbl. of 
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40.3° oil daily, 1g-in. choke. Pressures were 
700 Ib. on tubing and 1725 Ib. on casing. 
Gas-oil ratio was 450 to I. 

West Alfred (New) Field-—Howeth and 
Wilcox’s Adams 1, R. Adams survey, 


114 miles west of West Alfred field, flowed 


147 bbl. of 47.4° gravity oil from perfora- 
tions at 4195 to 4200 ft. in a Frio sand, at 
4194 to 4206 ft. Some people consider this 
a new producing area, but officially it is 
listed, together with West Alfred, as part 
of the Alfred field, discovered in February 
1938. Before completion was made in this 
sand, a lower sand was tested through 
perforations at 4312 to 4322 ft. and showed 
oil, mud, and water. Completion was on 
Aug. 4; production was under 520 lb. 
tubing and 1500 lb. casing pressure. 
Gas-oil ratio was 665 to 1; total depth, 
5185 feet. 

Wilcox Oil and Gas Company’s Adams 2 
opened the lower sand on Dec. 12 when it 
flowed 5,000,000 cu. ft. of gas with a 
spray of 48.5° gravity oil from perforations 
at 4304 to 4308 ft. in Frio sand at 4304 to 
4313 ft. Tubing pressure was 1620 lb.; 
casing pressure, 1700 lb.; total depth, 
4390 feet. 


New Sands in Existing Fields 


East Premont (Seeligson) Field—Mag- 
nolia Petroleum Company’s Seeligson 15, 
Ramirez grant, flowed 167.5 bbl. of 39.0° 
gravity oil, 54 9-in. choke, from perforations 
at 5897 to 5899 ft. in a new Frio horizon 
at 5885 to 5900 ft. Total depth was 5903 ft. 
Pressures were goo lb. on tubing and 
tooo lb. on casing. Gas-oil ratio was 669 
to 1. Completed 4/17/41. 

The same company’s Seeligson 16 ex- 
tended the field 14 mile north and opened 
production from a Frio sand through 
perforations at 6446 to 6448 ft. on July 1. 
The well gauged 3,700,000 cu. ft. of gas 
and 4o bbl. of 55° gravity distillate. Total 
depth was 6626 feet. 

Seeligson 17, 14 mile northwest outpost, 
flowed 125 bbl. of 40° gravity oil, 1-in. 
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choke, from 12 perforations at 5555 to 
5557 ft. in another Frio sand. Pressure was 
570 lb. on tubing; 1000 lb. on casing; gas-oil 
ratio, 465 to 1; total depth 6856 ft. Com- 
pleted 7/24/41. 

Sun Oil Company’s Canales 1, survey 
182, extended the field one mile west and 
opened a new Frio horizon at 5198 to 
5210 ft. on July 13, when it gauged 173 bbl. 
of 39.9° gravity oil, 144-in. choke, through 
20 perforations at 5202 to 5207 ft. Total 
depth was 5210 ft.; pressure on tubing, 
220 |b.; on casing, 1175 lb.; gas-oil ratio, 
300 to I. 

Transwestern Oil Company’s Dunlap 2, 
_in the southeast portion of the field, flowed 
154 bbl. of 39.9° gravity oil, 74-in. choke, 
after being perforated at 6090 to 6004 ft. in 
a Frio sand topped at 6080 ft. after 
plugging back from 6796 ft. Pressure was 
1200 lb. on both tubing and casing; gas-oil 
ratio, 974 to 1. 

Transwestern’s Dunlap 3, a 14-mile 
south extension, flowed 160 bbl. of oil 
daily through 7,4-in. choke, from Frio 
sand topped at 5950 ft. through perfora- 
tions at 5983 to 5988 ft. Pressures were 
~r190 Ib. on tubing, 1375 lb. on casing. 
Gas-oil ratio was 368 to 1. The 6100-ft. 
sand was found low and perforations at 
6132 to 6134 ft. had showed salt water. 
Total depth was 6276 feet. 

Wade City Field—Smith and Mosser’s 
B. H. Mueller 1 flowed 20,000,000 cu. ft. 
of gas with a spray of 50° gravity distillate 
from perforations in a Frio sand at 3283 
to 3302 ft. Shut-in pressure was 1400 lb.; 
total depth, 5100 feet. 

La Gloria Field—A new horizon was 
opened on Apr. 15 by the La Gloria 
Operators Committee’s Scott 1, lot 2, 
block 9, La Gloria townsite; this well was 
completed in two Frio horizons—a new 
sand at 6180 to 6205 ft., the other at 
6037 to 6055 ft. Daily flow was gauged at 
80,000,000 cu. ft. of gas and 300 bbl. of 
55° gravity distillate daily. 

The same operators’ N. Lafferty 1, a 
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March completion, gauged 100,000,000 cu. 
feet of gas and 200 bbl. of 55° gravity 
distillate daily production when completed 
through perforations at 5912 to 5927, 5980 
to 5990, 6097 to 6105, and 6120 to 6132 ft. 
All levels are in the Frio. Total depth was 
6902 feet. 

La Gloria 14, lot 7, block 9, completed 
on July 7, flowed 60,000,000 cu. ft. of gas 
with 150 bbl. of 55° gravity distillate 
daily from Frio sand at 6790 to 6820 ft. 
Total depth was 6990 feet. 

Magnolia Petroleum Company’s D. O. 
Maun 2, on the west flank of the field, 
discovered the first commercial crude 
production for the La Gloria area on Oct. 6, 
when it was completed from perforations 
at 6670 to 6700 ft. for 167 bbl. of 39.5° 
gravity oil, %4-in. choke, under 1425 lb. 
tubing and 1650 lb. casing pressure, gas-oil 
ratio being 1420 to 1. Perforations at 6041 
to 6060 and 6100 to 6112 ft. showed only 
gas and distillate. This well was drilled 
as the La Gloria Operators Committee’s 
Unit 18, but since crude-oil rights were 
retained by the Magnolia, it was taken 
over by the latter company. Total depth 
was 6901 ft. This indicates important flank 
development. 

Magnolia’s Conkle 1, lot 8, block 6, was 
completed Oct. 3 in Vicksburg sand at 
7138 to 7168 ft., for a production of 
80,000,000 cu. ft. of gas with 55° gravity 
distillate. 

Premont Field —J. A. McCartney’s Isham 
1, sec. 78, opened a new Frio sand for this 
field when it produced go bbl. of 23° gravity 
oil (4 per cent water) from perforations at 
3706 to 3716 ft. in sand at 3706 to 3722 ft. 
Production was under o-75 lb. tubing 
pressure and 575 lb. casing pressure, 
through open tubing. Total depth was 
3936 ft. Completed 7/6/41. 

Henshaw Field—Rand Morgan’s Fee 
1-H, a mile south extension, flowed roo bbl. 
of 53° gravity oil, 14-in. choke, from per- 
forations at 3780 to 3792 ft. in a new Frio 
sand. Total depth was 5800 feet. 
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NurEcEs County, SouTH Corpus 
CHRISTI DISTRICT 


New Fields 


Banquette Field—Osborn and Mid-Con- 
tinent Petroleum Company’s Burow 1, 
Lot 69, Pauls subdivision, 2 miles northeast 
from Banquette, was completed Apr. 22 
from perforations at 6712 to 6714 ft., in 
Frio sand at 6705 to 6714 ft. An erratic 
flow of gas and distillate, which began at 
the daily rate of 176 bbl. of 60.5° gravity 
distillate (3-hr. gauge) under 1635 lb. tub- 
ing and 2200 lb. casing pressures, 74-in. 
choke, later became stabilized at 12 bbl. of 
58.6° gravity distillate and 500,000 cu. ft. 
of gas daily, 14-in. choke, under 500 lb. 
tubing and 600 Ib. casing pressures. Total 
depth was 7512 feet. 

The same operators’ Grove 1, lot 68, 
3100 ft. south of the discovery well, 
flowed an estimated 50,000,000 cu. ft. of 
gas and soo bbl. of 56° gravity distil- 
late daily from perforations at 6978 to 
6983 ft. in Frio sand. Shut-in pressure was 
2400 lb.; total depth, 7538 ft. Completed 
12/8/41. 

Petronilla Field—Geo. B. Buescher’s 
J. T. Gillette 1, tract 6, C.D.C. survey, 
2 miles northeast of Luby field, was com- 
pleted Sept. 21 in Frio sand, at 7308 to 
7315 ft., for a flow of 175 bbl. of 40° 
gravity oil, }¢-in. choke, from perforations 
at 7308 to 7312 ft. Pressures were 1220 lb. 
on tubing, 1500 Ib. on casing. Other Frio 
sands at 5475 to 5497 and 5850 to 5800 ft. 
showed distillate, while other sands at 6475 
to 6497, 6952 to 6968, and 7052 to 7084 ft. 
showed oil. Total depth was 7315 feet. 

The 6900-ft. sand was opened Oct. 28 
by the same operators’ J. R. Knight 1, 
tract 5, north offset to the discovery. After 
coring, perforations were made at 6959 to 
6964 ft., and the well flowed 76.5 bbl. of 
44° gravity oil, 1-in. choke, under 1920 lb. 
tubing and 2480 lb. casing pressures. 
Gas-oil ratio 4880 to 1; total depth, 7365 
feet, 
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New Sands in Existing Fields 


Luby Field—Seaboard Oil Company’s 
Luby 9, originally completed at 5068 ft. 
was deepened to 7313 ft. in basal Frio and 
flowed 150 bbl. of 37.2° gravity oil daily, 
1é-in. choke, from perforations at 7310 to 
7312 ft. in a sand topped at 7308 ft. 
Pressures were 850 lb. on tubing and 950 lb. 
on casing. Gas-oil ratio was 1210 to 1. This 


new deep level is considered a separate © 


field for proration purposes; it has been 
named “Luby Deep” field. 

Agua Dulce Field —S.E.W. Oil Corpora- 
tion’s Pfluger 2, sec. 186, a mile southeast 
of production, produced 15,000,000 cu. ft. 
of gas and 110 bbl. of 56° gravity brown 
distillate, 14-in. choke, from perforations 
at 6997 to 7o12 ft. in Frio sand cored at 
6997 to 7018 ft. Pressures were 2300 lb. on 
tubing, 2350 lb. on casing. Total depth was 
7143 feet. 

The same company’s Pfluger 1-B, 14 
mile downdip from No. 2, flowed 157 bbl. 
of 40.2° gravity crude, 1¢-in. choke, from 
perforations at 7100 to 7110 ft. in Frio 
sand at 7100 to 7123 ft.; this may be the 
same sand producing in No. 2. Pressures 
were 1250 lb. on tubing, 1400 lb. on casing. 
Gas-oil ratio was 670 to 1; total depth, 
7161 feet. 

R. H. Hawn’s Bush-Wofford 1, between 
Agua Dulce and Stratton fields, sec. 205, 
was perforated at 7oor to 7oo5l4 ft. in 
Frio sand at 7oor to 7016 ft. and flowed 
230 bbl. of 38.6° gravity oil daily, %-in. 
choke, under 1760 lb. tubing and 1745 
casing pressures. Gas-oil ratio was 743 to 1; 
total depth, 7210 ft. Although this and the 
sand in the Pfluger No. 2 well are at 


a gra mb 
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approximately the same depth, the latter — 


is considered lower stratigraphically. 

Sam E. Wilson, Jr., and Gulf Plains 
Corporation’s M. L. Rivers 1, sec. 18, 
114 miles west of production, extended the 
field and proved the first crude production 
on the west flank of Agua Dulce. The well 


flowed 172 bbl. of 42.8° gravity oil, }¢-in. — 


choke, from perforations at 5830 to 5850 ft. 
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in Frio sand. Pressures were 1300 lb. on 
tubing and 1900 on casing. Gas-oil ratio 
was 840 to 1; total depth, 7114 feet. 

Stratton Field—Chicago Corporations’ 
Wardner 19 opened crude production on 
the west flank of Stratton field when it 
flowed 230 bbl. of 40.3° gravity oil, 1-in. 
choke, on completion from a regular Frio 
sand through perforations at 6423 to 
6433 ft. Pressures were 1160 lb. on tubing, 
1120 lb. on casing. Gas-oil ratio was 650 
to 1. ; 

Sam E. Wilson and Gulf Plains Corpora- 
tion’s Union Central 1, sec. 2, a west 
extension, produced gas and distillate from 

‘perforations at 6658 to 6681, 6700 to 
6726, 6734 to 6770, and 6804 to 6823 ft. in 
Frio sands. Total depth was 7192 ft. The 
lowest perforations are in a new zone. 

Other wells probably have uncovered 
sand lenses that are not listed because 
of the indefiniteness of their classification 
as new sands, owing to the complexity of 
sand conditions in the major Agua Dulce- 
Stratton area. 

Riverside Field.—Stanolind Oil and Gas 
Company’s Thompson 2, lot 24, Winter- 
garden subdivision, flowed 10,000,000 cu. 
ft. of gas and 50 bbl. of 55° gravity distillate 
under 2450-lb. working pressure, from 
perforations at 6970 to 6975 ft., in a Frio 
sand topped at 6970 ft. This sand is about 
2000 ft. below the field’s discovery Frio 
sand. Total depth was 7750 feet. 

Richard King Field —Southern Mineral’s 
Walker 12, sec. 33, flowed much gas along 
with 13 bbl. of 56° gravity distillate, to 
open a Vicksburg sand at 6230 to 6235 ft. 
Total depth was 6412 feet. 

Minnie Bock Field—Windsor Oil Co. 
opened a new Catahoula sand in the east- 
ern part of the Minnie Bock field when its 
A. N. Parr 1, sec. 37, Paul’s subdivision, 
flowed 41 bbl. of 24.5° gravity crude daily, 
14-in. choke, from sand at 3698 to 3712 ft. 
Pressures were 950 lb. on tubing and 
1150 lb. on casing. Gas-oil ratio was 1400 
to 1. The well had been carried to 3915 ft. 
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after salt water had been found in the 
regular 3800-ft. Catahoula sand. Com- 
pleted 5/14/41. 

A Frio sand, deepest in the field, was 
opened July 25 by Wellington Oil Com- 
pany’s Howze 2, sec. 56, which flowed 
2,500,000 cu. ft. of gas and so bbl. of 
55° gravity distillate daily, 542-in. choke, 
from perforations at 5510 to 5518 ft. 
Pressures were 1850 lb. on tubing, 2000 lb. 
on casing. Total depth was 6000 feet. 

Chapman Ranch Field—Seaboard Oil 
Company’s J. O. Chapman 9, sec. 45, was 
completed on June 23, for a production of 
163 bbl. of 27.9° gravity oil on pump from 
a Catahoula sand at 4269 to 4279 ft. 
Perforations were made at 4270 to 4274 ft. 
Total depth was 4550 feet. 

The same company’s J. O. Chapman 
Io, sec. 45, flowed an estimated 30,000,000 
cu. ft. of gas daily from perforations at 
4244 to 42409 ft. from the same Catahoula 
sand. Total depth was 7759 feet. 


SAN Parricio County, SOUTH 
Corpus CuHRisti DIstRIcT 


New Sands in Existing Fields 


Midway Field—British-American Oil 
Producing Company’s Ivey 3, north end 
of the field, flowed 68 bbl. of 46.5° gravity 
oil through perforations at 6050 to 6051 ft. 
in a new Frio sand topped at 6048 ft. 
Pressures were 1975 lb. on tubing, 2050 
Ib. on casing. Gas-oil ratio was 2600 to 1; 
total depth, 6495 feet. 

Pan-American Production Company’s 
Smith 1, sec. 72, flowed 182 bbl. of 42.3° 
gravity oil, 542-in. choke, 900 Ib. tubing 
pressure, to open a new Frio sand at 
6255 to 6280 ft. on Sept. 15. Gas-oil ratio 
was 1280 to 1; total depth, 6510 feet. 

Odem Field.—Wellington Oil Company’s 
Welder 1-C, Hart and Sons survey, one 
mile southwest of the field, showed a 
daily flow of 145 bbl. of 35.6° gravity oil, 
1é-in. choke, from a new Frio sand at 
5426 to 5444 ft., through perforations at 
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5430 to 5434 ft. Tubing pressure was 
625 lb.; casing pressure, 1075 lb.; gas-oil 
ratio, 503 to 1; total depth, 7213 it. 
Previous perforations at 6715 to 6720 ft., 
another new level, showed 36 bbl. of 57° 
gravity distillate and 2,000,000 cu. ft. of 
gas on a 24-hr. gauge. Completed 6/27/41. 
Seaboard Oil Company’s Lane 1 pro- 
vided another new Frio sand on Aug. 25, 
when it flowed 221 bbl. of 36° gravity oil 
daily, %4-in. choke, from perforations at 
5317 to 5327 ft. in sand at 5309 to 5330 ft. 
Tubing pressure was 1000 lb.; gas-oil 
ratio, 840 to 1; total depth, 5460 ft. This 
well opened the area on the upthrow side 
of a fault on the west side of the field. 
The same company’s Lane 4 produced 
2,500,000 cu. ft. of gas and 5 bbl. of 56° 
gravity distillate daily, 14-in. choke, from 
perforations at 3541 to 3546 ft., in a 
Catahoula sand at 3538 to 3548 ft. Pres- 
sures were 1350 lb. on tubing; 1425 lb. on 
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casing. Total depth was 3548 ft. Completed 
LECT A Te 
Wittacy County, SoutH Corpus 
CuRISTI DISTRICT 


New Sands in Existing Fields 


Willamar Field —Pan-American Produc- 
tion Company’s Willamar Community 
1-B, a south offset to the field’s discovery 
well, was completed in a new Frio sand, 
topped at 7847 ft., for a daily flow of 


gt bbl. of 30° gravity oil, 14-in. choke, from — 


perforations at 7855 to 7880 ft. Total 
depth was 8728 feet. 

The same company’s Kent 1, share 13, a 
mile northwest extension, flowed 108 bbl. 
of 30.4° gravity oil, 44-in. choke, 175 lb. 
tubing pressure, from Frio sand at 7925 
to 7970 ft., where 225 perforations were 
made. Perforations in sands at 7830 to 
7843, 7845 to 7885 and 7905 to 7915 had 
shown high gas-oil ratios. 


~ 
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Developments in West Texas during 1941 


By Taytor CoLe* anp Wititam T. SCHNEIDERT 


DRILLING in West Texas during 1941 
was more active than in any year since 
1937, a total of 2325 wells having been 
drilled. Pre-Permian exploration was the 
greatest in the history of the area; 106 wells 
tested pre-Permian formations during the 
year. Wildcatting reached the peak since 

1937, with 135 wildcats, of which 20 per 
cent were producers. The wells were drilled 
to a greater average depth than in any 
previous year. Slim-hole drilling was the 
common practice, using drilling equipment 
that is largely portable. Because of deeper 
drilling, more attention was paid to mud 
fluids, especially the use of materials to 
reduce water filtration. 

There has been slight improvement in 
the protection of the pay horizons while 
drilling by the use of reverse circulation, 
and drilling-in with oil as well as low water- 
filtration muds. The practice of setting and 
cementing the oil strings through the 
producing formation and perforating oppo- 
site the pay zones has increased in the 
fields producing from sands. It is doubtful 
whether this practice is of unusual value in 
dolomitic limestone fields. 

There have been few if any technological 
improvements in obtaining necessary in- 
formation on the pay sections pene- 
trated, by coring, core analyses, better 
sampling, and more detailed drilling time. 
However, more operators are beginning to 
realize the necessity of good samples. For 
a proper study of the reservoirs in West 
Texas, it is essential that better samples be 
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obtained, that more core analyses be run, 
and that better methods of obtaining 
drilling time be initiated. 

It should be noted that increased drilling 
speeds and slim-hole drilling have tended 
to reduce coring and core recovery and 
have not aided in obtaining good sub- 
surface samples. In fact, fast drilling speeds 
and slim-hole drilling have reduced the 
cost of drilling operations, but with 
the sacrifice of much needed subsurface 
information. 

Larger quantities of slower-reacting acid 
are being used per well. There has been 
improvement in shooting, in that a greater 
number of quarts per foot have been used 
and an attempt has been made to concen- 
trate the shots opposite the pay zone. 

The use of mud logging to determine the 
characteristics of the pay section increased 
considerably over the year 1940. 

There has been a slight increase in 
obtaining reservoir information in the new 
fields, such as bottom-hole sampling, 
bottom-hole pressures, and records of 
gas, oil, and water withdrawals. However, 
there is great need for more data on these 
subjects, particularly accurate informa- 
tion regarding gas and water volumes. 

There are three repressuring projects 
and a fourth is nearly ready for operation 
in the Kermit field. There is one repressur- 
ing project in the Payton field and one 
in the North Ward field. So far, the gas- 
injection projects have not shown very 
impressive results. As yet, there are no 
water-flooding projects or water-disposal 
projects in West Texas. 

Not including gathering lines within the 
fields, 222 miles of feeder pipe lines were 


» Footnotes to column heads and explanation of symbols are given on page 250. 
1 Total production included in Penwell total. 

2 Tncludes Jordan and Waddell accumulative production. 

3 Includes production figures of old abandoned Justiceburg-Emerald pool. 

4 Production of various pays included in field total. 
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TABLE 1.—Oil and Gas Production in West Texas 
Area Proved, Total Oil Production, 
Acres Bbl. 
Year 
County, Field zr 3 
covery : 
u : » | To End of ing 
q Me tit Aine 1941 194t 
=] 
4 } 
g 
4 ae, 
1| Andrews: Deep Rock, Fuhrman, Walker................2.0eeeeeeeeeee 1931 | 3,000 0 3,724,841 536,404 
Oy ings... Bere h la dab ee oe ates MRO eae cps a stn es 1937 | 1,420 0 931,469 358,550 
BU 55 o DORIAB Soo a's Seis <5) ches pained a Cite ivag til > oA aa ote oe ts Cee 1934 | 7,600 0 5,364,197 | 1,324,967 
PY Beal ig. See DOME TURIN ye Reed Ee ry ren oo 1934 160 0 79,102 9,916 |. 
5 Webb Am draws sors. tevers toca ttcaitin Mieracaia.are ehelifete staoee mse ehaeateral et aera ie 1940 640 y 22,832 18,279 
OS NCoehvane Deans eS aoe tics wine ca cele te PEP aes tre leeg es by okay alates eres 1937 360 0 75,158 13,031 
RE oe BR OCOI ia ws. te i Wi cides aval Lalas Shag diate oTk near oon 9 seats eae 1941 40 0 1,884 1,884 
SV CRANE! DOs Cerne cc ee ak ale kene IR So te ACS satel ade eae See 1938 | 2,200 0 451,072 170,241 i 
9 Sand Fille (Parmian)).: ose evn eae Be Wee bse ee ee 1930 | 7,000 0 3,193,181 984,660 
10 Sant Hilly: (Ordoviciany’vsc-ce aatee «:uc.d erwin icici aan omatareete aiitere > 1936 | 1,040 0 579,542 207,227 
11 Pulls (WaAdiall etete; cpt ot ata ey sha bret ies cc cietatce a eka ieee Giese eee 1940 640 0 24,648 18,771 
12 Waddell-Hawards: a2 /.552 (Po. nicole See oles aeittea ac Ober soe ae: 1935 | 2,120 0 1 517,818 : 
£9') Crane-Lipton® Mollroye-« : 41 hajatetbeusis see tat elle enn teee pote nina wee 1926 | 15,500 0 | 122,120,894 | 4,788,443 
14) Crockett: Bean on i5 e.\0 dan oo. betes ane Sink GER Pe sAge etek + o\ > Meee ae 1941 40 0 ’ 3,815 
15 Clara Covel sieves SoA, take. mores eens ite 5 cat ones ca ieee bans 1941 640 0 986 986 
10 FORE: oe es Benes eta ce lode eek NRE ee ee, ere. 1938 | 1,020 0 271,412 79,098 
1 ee PRODUCE on bine wie dale'ss lace sted oe owt abteiaieae aan: baits Lane 1938 160 0 y 1,839 
TO a Cava Riek. occ has cee naloce tus ke ce eatnOls oe ae ree 1940 160 0 1,612 1,612 
SOs CON OA a Tatars Sale pheuliia «rah hep ei Vie meso than tata 1940 | 1,000 | 1,000 107,517 95,027 
DOT Te AMOR cya oak ok od a i Ouiniale Goto acca iar a ON Mie cte aie ecka eee eth ea 1940 160 0 4,637 4,637 
Qty. Bp BUADAOt cst. Sind tothe Dip a barat oa seals Md ac vc wee te oe 1938 320 0 x 1,793 
BOW) EPOdG DBD Atha. rains. hth cance crak ik ebctated mite ain een ersten evans 1940 | 1,000 0 132,977 104,436 
23 World-Powsll) foe aan Ss tiie sh erbee AS ee era 4 aden vigit eats 1926 | 2,380 0 7,537 447 510,749 
Bae Oey WRG Le cant aa anes Pecan alanis tet Wran ak ovale 1940 40 0 j 4,552 
DET Deeevins Ween ac he Ate wcass Sot APOE Uv Re URIs «Say enh ts had 1941 160 0 a 5 195 
96: Melore Ouro tt ct cb et ot 3 \<. xh tal aetann wide aes eer ae cee cctely 1940 40 0 Field 586 
abandoned 
27 Foster-Johnson-South, Cowden. «sia: esac saceecesecnebelisceace 1930 | 24,560 0 | 20,619,486 | 9,864,157 
28 AU a eae a ie Ae ite Bas So a ctalck Ketel ee bee Cesk 1934 | 30,000 z |} 32,730,198 | 8,190,191 
29 North Goldamith esc ttt. Aten dn diatwtmditiewes auc ° seiaas teat 1936 | 1,000 7 67,921 49,759 
30) me Harpers kts oe hah cee: hee SR ORC EMI Cc a> ateone teeeomte 1933 | 4,500 0 7,287,688 | 1,039,181 
31 North Cowdon sevens sats. ease ahd tc ee ens Pate Roa 1930 | 18,600 0 | 20,927,631 | 4,897,851 
32 North Cowden Deep f isa-1 <u gtribcenanvattaraiatitos fe oat cai cam on 1939 0 90,642 42,015 
BS Way Pon weld Meri 0 iticesa cane anima te tonied atic © eiices eee 1930 | 6,200 z | 30,605,772 | 1,464,455 
BA | Betor Crana: JOrdatns. cicfh tc Gist oceans Kok Me ierea ais sin ls eae a iris o Seabee 1937 | 5,620 z 1 1,488,033 
Ba Guiness COOAr LAW. 530 say Sy ethan Aeon ate atte toe Om auie ite de 1939 | 3,600 0 256,142 102,960 
BG [ Pe ORILLOIO Sarahare tanse tte os chia eS ae Ca Ia ae Wie c e a 1937 | 11,000 0 3,917,536 | 2,603,667 
37 IWSEBONKDEBD sin. Aha hse) Coe abe ew toa He oh ae caer 1940 40 0 21,022 19,173 
38 WHSROD Va Keene cnc r aie oh ce ce ene RMT or Eee ae 1941 40 0 1,077 1,077 
80] Gainas-¥ ogkuriss Wapsocg:itscrtuwsy.< cater ater dileae « och eee enak 1936 | 58,000 y | 33,050,363 | 13,012,444 
ADIN Gavan Geren hac ccc atta ace thie tae aie Cache nae emt ee 1935 0 130,533 11,95: 
41 | Glasscock-Howard: Chalk-Roberts........ 2.0.0.0 .0- 0c e cece cece cee eueee 1927 | 21,700 0 | 100,018,767 | 4,727,414 
42 PAOO-TO06 DAY feta cons: aie ites hho dered Oreo ele Cae ee er tae 1927 | 1,700 0 4 
43 Ti BOOLOOU DoytaMierctins Ehentee ste Pane LISGRIS cme’ Maca cece 1926 | 4,000 0 4 
44 DOLL OOR DEY: ani? aiteatiat eae Ubcta te Tate ie che ete eet 1929 | 8,000 0 4 
45 D500-foot pay: is... smite tk peice. whee eiealal << cab dae apie: 1928 | 2,000 0 4 ! 
46 3,000-foot pay Saat ce Hees ole et SRY OAT CRE Corrine © athe Cos 1928 | 6,000 0 4 j 
47 | Hockley-Cochran-Terry: Slaughter.............cccccccceccuceuseuavoes 1987 | 57,000 0 6,960,645 | 4,850,451 
AR Aoards latapeDenwinn .., sivccdavid nei caa pean et we eens ceaieoode 1926 | 7,000 0 | 15,009,142 | 1,451,603 
AGING PUMOORESE vc oets chen canoe Cee UR Miche ttrins iiccls anal eee ate 1938 640 0 70,871 14,871 
BO. ete Diver %. isk Ass eden othig a@bakiees, a clerk: cor waders 1937 | 1,000 0 2,025,835 355,167 
BL IaPRROPEe ELON Crs de:o; ipiarea 4 reuthivlateiatin eo tate ssatatetee Celntesatetere AStK aterti eee nes 1929 340 0 152,718 3,676 
BSR GOES DOLAGs seis Past nia sala, ee, CPR eee Reale | Seer azieans on araneients ates 1938 20 0 1,552 689 
GV LEAR APRON otc 8, a w/e h i's luge Sera aera Bae wm alg sieht «Aan Attra 1936 350 0 442,579 62,536 
54 BUTE. 5 Srey hale sy atin Otelh ic MIR Rar cee eh falcata 1925 | 4,060 0 8,573,858 397,484 
BB LUDOUCKSEUDDOCK, cheb tuay' Nidscce gia huey Vege aw tpt miei o.o.0an ural Gas 1941 0 1,1 1,195 
DG Msrchalas=' Westbrook, vy oschare e ovh ctd Sette tic. Sma ey siuicts cca cheAc ects 1921 | 4,060 0 | 11,030,580 239,447 
BTA Patera. ao ces oath Gall ttt cmt Seis ne lameness auricle en ern 1940 | 3,320 0 11,2 205,577 
58 ZSOULGGG DAY. cca. suneec thc ond re ke ae HERA On Lee al Le 1941 0 4 
59 BB0OKiob Paviuwein 4A c. attnad a rcnT een iad anck ee eee 1941 80 0 4 
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TABLE 1.—(Continued) 
nnn er ee a ee Te 


Total Gas Production, ; Oil-production | Reservoir Pres- 
Millions Cu. Ft. Number of Oil and/or Gas Wells Methods, End sure, Lb. per 
of 1941 Sq. In. 
During 1941 End of 1941 Number of Wells 
S To End of During Sher ba gs Avg. at | 
4 1941 1941 Beare el Sse e ae |e aig berries yk 
5 8% = a sees Ml A= ee 3:3 
4 Sond ve | eS | es | est] ge 1 ee 88 
& sa | & | 2 | B2| BS | Be} & | ES aS 
| is) s) — |e a a & | <4 eo 
1 z 1,500 65 0 0 1 64 0 40 24 1,800 1,350 | 
2 x y 50 14 0 0 50 0 10 40 1,500 
3 6,210 990 124 5 1 0 122 z 59 63 1,900 1,480 
4 x y 2 0 0 0 2 0 0 2 y y 
5 y y 7 4 0 1 (ial esi 2 5 y y 
6 x y 3 0 1 0 2 0 1 i x y 
7 z y 1 1 0 0 1 0 0 1 y y 
8 x y 29 4 0 0 0 12] 15 740 | 1,050 
9 4,279 2,260 128 41 2 ii 0 111 14 2,125 1,467 
ae) y y 26 17 0 0 0 23 3 2,760 2,750 
11 0 0 4 2 0 0 0 1 3 | 1,500 y | 
12 z y 80 16 0 0 0 69 11 y y 
13 z y y y y 0 0 154 | 428 z 200 
14 4.2 4.2 1 1 0 0 0 0 1 2 y 
15 x y 2 2 0 0 0 1 ait y y 
16 x y 36 8 0 0 0 8] 28 x y 
17 z x 2 1 0 0 0 0 2 x y 
18 y y 1 0 0 0 0 0 1 y y 
19 y y 33 23 0 0 8 24 1 y y 
20 y y 1 0 0 0 0 0 1 y y 
21 x y 1 0 0 0 0 0 1 z y 
22 ¢ y 13 6 0 0 0 13 0 2,625 2,600 
23 zt x 87 16 i 2 0 0 63 x y 
24 z y 2 0 1 0 0 1 0 x y 
25 0.1 0.1 1 1 0 0 0 0 1 y y 
26 0 0 1 1 2 2 0 0 0 1,010 a 
27 85,041 32,000 1,183 542 0 4 0 840 | 339 1,740 1,250 
28 69,110 16,424 964 63 0 0 7 919 38 1,675 1,360 
29 959 218 ll 5 0 0 1 8 2 x 
30 % 2 184 2 0 1 0 22 162 1,450 500 
31 z y 506 95 0 0 0 447 59 1,740 1,165 
32 x y 5 0 0 0 0 4 1 1,300 y 
33 y y 175 8 0 0 0 104 Tiel pray 715 
34 y y 225 27 0 0 0 185 36 1,285 1,055 
35 44 31.3 34 23 1 1 0 1 32 1,876 1,650 
36 3,678 2,145 283 119 0 0 0 280 3 2,000 1,930 
37 x y 1 0 0 0 0 1 0 y y 
38 x y 1 1 0 0 0 1 0 y 
39 y y 1,312 264 0 0 0 1,253 58 1,800 1,168 
40 z zt 5 0 0 - 0 0 0 5 2 z 
41 « y 999 4 2 14 0 0] 820 2 x 
42 y y 107 0 1 0 0 0 106 2 2 
43 y y 268 0 1 14 0 0} 205 z x 
44 x y 125 0 0 0 0 0 78 z z 
45 x x 285 2 1 2 0 0} 234 « x 
46 Ey y 214 2 1 0 0 0 197 z x 
47 Fi y 849 681 0 0 0 822 27 1,725 1,590 
48 z ie 293 16 0 1 0 2 | 289 x x 
49 2 y 6 0 0 0 0 0 6 EA y 
50 x y 97 6 0 0 0 0 97 Fo] y 
51 % £ 17 0 0 3 0 0 65 Ed ¢ 
52 y y 1 0 0 0 0 0 1 x a 
53 x y 10 0 0 0 0 Sb x y 
54 z y 90 0 0 1 0 39 1,650 y 
55 x z 1 1 0 0 0 0 y y 
56 ie y 139 0 0 7 0 0 
57 201.9 201.9 55 54 0 0 3 50 
58 4 y 2 2 0 0 0 2 
59 4 y 2 2 0 0 0 2 
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TABLE 1.—(Conlinued) 
oo ee EEE ee 


Deepest Zone Tested 
to End of 1941 


Producing Formation 


Depth, 
Avg. Ft 
= Z 

Bla, Name Agee}. 1a Name 
§ | <.iEa| -2 2 {eel B sé 
2 | fouE| BO 2 | 2 | velBesléal = ag 
9 | eos e| Ay 5 £ lef slseeiss| 2 BS 
B | Ese=| 38 6 | & PAsae*e<| 2 A 

1 4. San Andres Per D Por | 4,350 | 4,500 | 25 | A | San Andres 4,765 

2 i y J San Andres Per D Por | 4,190 |4,275 | 25 | A | San Andres 4,500 

3 29 0.6 | San Andres Per D Por | 4,475 | 4,535 | 25 | A | San Andres 5,227 

4 29.5 |y San Andres Per D Por | 4,627 |4,790 | 5 | MC | San Andres 4,814 

5 36 y San Andres Per D Por | 4,300 |4,400 | 25 | A | Ellenburger 8,368 

6 30 y San Andres Per D Por | 4,900 |5,010 | y | y | Clear Fork 6,621 

7 31 y San Andres Per D Por |5,050 |5,111 | y | zx | San Andres 5,150 

8 36 y Grayburg Per D Por | 3,150 [3,270 | 45 | A | San Andres 3,795 

9 35 y Wichita Per D Por | 4,250 [4,630 | 40 | A_ | Pre-Cambrian 7,158 
10 |87.5-44.7| 0 Simpson and Ellenburger Ord | S& D | Por &| 5,550 | 5,600 | 20 | AF | Pre-Cambrian 7,158 

Cav | 5,900 | 6,000 
11 35 y Grayburg Per D Por | 3,250 |3,400 | 20 | A | San Andres 3,734 
12 34.4 | y San Andres Per D || Por |3,500 |3,520 | 20 | A | San Andres 3,859 
13 30 2.4 | Grayburg Per D Por | 2,800 |3,000 | 40 | A | Ellenburger 12,786 
14 26 y San Andres Per D Por | 1,451 |1,456 | 5 | z | Ellenburger 7,010 
15 26 y San Andres Per D Por | 1,882 | 2,003 | 20] A | San Andres 2,166. 
16 31 1.7 | Grayburg Per DS Por | 1,330 | 1,450 | 7] A | San Andres 1,635 
17 26.8 | y Queen Per 8 Por | 1,425 |1,450 | 10 | N | San Andres 2,173 
18 30 y San Andres Per D Por | 2,012 | 2,145 | 10 | 2 | San Andres 2,150 
19 32 y Seven Rivers Per 8 Por | 1,100 |1,115 | y | MC | San Andres 2,039 
20 25 y San Andres Per D Por | 2,202 | 2,250 | 15 | A | San Andres 2,371 
21 y y Grayburg Per D Por | 1,885 | 1,970 | 10 | N_ | Grayburg 1,970 
22 41.6 | 0 Crinoidal (Strawn) Pen L Por | 5,727 |5,802 | 75 | A _ | Ellenburger 7,010 
23 29 0.6 | Grayburg Per D Por | 2,415 | 2,555 | 13 | A | San Andres 3,695 
24 23 y San Andres Per D Por | 1,500 |} 1,520 | 5 | A_ | Ellenburger 7,010 
25 33 y San Andres Per D Por | 4,918 |4,986 | y | A | San Andres 4,986 
26 29.5 | y San Andres Per D ‘Por | 4,315 |4,362 | 20} A | San Andres 4,410 
27 34 1.4 | Grayburg-San Andres Per | D&S | Por | 4,000 | 4,350 | 20} A | Clear Fork 5,500 
28 36 1.9 | San Andres Per DL Por | 4,180 | 4,250 | 70 | A | San Andres 4,557 
29 35 y San Andres Per DL Por | 4,249 |4,465 | 25 | A | Wichita 6,422 
30 37 1.1 | San Andres Per D Por | 4,000 | 4,200 | 20 | MC | San Andres 4,518 
31 34 y Grayburg Per DS Por | 4,000 | 4,200 | 20 | MC | Clear Fork (?) 5,200 
32 34 1 Clear Fork (?) Per L Por |5,100 {5,150 | 5 | A | Clear Fork (?) 5,200 
33 35 2.6 | San Andres Per D Por | 3,550 | 3,675 | 30} A | San Andres 4,002 
34 36 2.1 | San Andres Per D Por |3,500 | 3,650 | 20 | A | San Andres 4,038 
35] 33 2.1 | San Andres Per D Por | 4,650 |4,900 | 25 | A | San Andres 5,885 
36] 34 y San Andres Per D Por | 5,000 | 5,370 | 90 | A | San Andres 5,477 
37 34 y Clear Fork Per D Por | 6,210 |6,8818} y| x |y 11,108 
38] 34 y y Per D Por | 7,055 | 7,433§ ¥ 7] 11,108 
39 34 1.8 an Andres Per D Por | 4,900 | 5,200 AM 4 11,108 
40 y y San Andres Per DL Por | 2,800 | 2,920 20 A an Andres 2,940 
41 y y Data on producing formation and deepest zone tested included separately 
42 32 iL Yates Per s ‘or | 1,280 | 1,400 ) 20) A | Ellenburger 10,906 
43 32 0.8 | Seven Rivers (?) Per 8 20 | 1,650 | 1,900 | 20} A_ | Ellenburger 10,906 
44 30 1.6 | Grayburg (?) Per DL Por | 2,150 | 2,300 | 30 | A | Ellenburger 10,906 
45 30 0.9 | San Andres Per DL Por | 2,400 | 2,500 | 30 | A | Ellenburger 10,906 
46 27 3.4 | San Angelo-Clear Fork Per |DL&S] Por | 2,900 | 3.000 | 20 | A | Ellenburger 10,906 
47 32 1.9 | San Andres Per D Por | 4,950 | 5,050 | y | MC | Clear Fork 7,000 
48 27 1.9 | Clear Fork Per D Por | 2,450 | 2,800 | 50 | A | Wichita (?) 4,220 
49 29.5 | 2.3 | Grayburg Per DL Por |3,197 |3,200 | 3] A | Grayburg 3,205 
50 80.1 ly San Angelo Per DL Por | 2,650 | 2,825 | y| A | Clear Fork 3,750 
51 38 0 San Angelo Per 8 Por | 1,370 | 1,410 | 10 | MC | Wichita (?) 3,972 
52 2438. ali Strawn Pen 8 Por | 1,415 | 1,430 | 10 | AF | Ellenburger 2,074 
53 39 0.1 | Delaware Mt. Per 8 Por | 3,930 | 3,950 | 10] T | Delaware Mt. 4,165 
54 38 0.1 | Delaware Mt. Per 8 Por | 4,290 | 4,310 | 7 | MC | Delaware Mt. 5,083 
55 28 y Clear Fork Per D Por | 4,870 | 5,002 | y | 2 | Clear Fork 5,002 
56 23 3.5 | Clear Fork Per D Por ' 2,800 | 3,0 50 C | Wichita (?) 5,250 
57 43 y Data on producing formation and deepest zone tested Trey separately 
y San Andres Per | D Por | 2,280 ets hee y IF Pre-Cambrian 
y Clear Fork Por D Por | 3,350 | 3,370 A__| Pre-Cambrian 
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Area Proved, 
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Total Oil Production, 


Acres Bbl. 
Year 
: of 
County, Field Dis: 
a covery : 
; b | To End of During 
4 EAE GS 1941 1941 
a 
Zz 
a 
pe 
Pecos: 
i at aden pay See ees eo oan ae as atone the ddan a ; a Q ; 
GIGS TAN CLE E eecetapsts cin man Tas aces wc as Rl scev avais tava t mhoutn’s eave tana ; 
625 aaa BALG: A ee rr Nee RET Ce tact cn Md ck RUE Ue Fa He oe Be , 
ae eels Cul cidacegs 89,328 
65 OMe eh agate Ader los ee uiaratene ee shel aca ert estonia Mes soars 1939 290 80 71,709 34,401 
66 OT AEOr OOLS SR REM RO, orien RE ae a emake hoes 1940 x 0 668 198 
67 EEGIN GRAS Ss cise te Totes AE RIPE Si nie AM a ed 1941 40 0 ae A ae 
-Pollard ES Sea ED. | Ae | 1941 40 0 200 200 
89 tree * = oe RBGE oe a ae ee ee -.| 1939 | 1,200 0 290,809 134,733 
70 AVI ators Obes tame eew nM ee fe imeee Ne Uatte siete aii beeromes eee , 1927 190 0 919,636 58,531 
val NGiervillce aces Meee ee... We1984 || Stteo0 0 368,558 30,098 
72 Pecos: Valley. (high gravity) )..<2 50. cnc. ees eres ce vane 1928 | 1,300 4 = 5445 aoe 
73 Pecos Valley Oe alae PS Sew rsults a RRC eae Beas ace ane a a nay 
3 es See ey ee Sn ee ae 400 0}  1,0287604 204,218 
16 Taylor-Link.... 2,100 0| 7,060,921 | 700.930 
a bore St co... 1,314 0| 6,948,883 518,730 
78 alice MMe NMI. De OM URE Caw Sn ee 1,080 0 162,706 | 150,708 
79 WERT co che <2 Sean ae ae, a 2k ain iar a 160 art hs is 
25 ere ae ss 
“ he a aes occ tee ee, ee Se eis eee ots le 1083" || 2700 0 466,889 44'300 
82 ACIUFRT Oe oo 2 cae ee, Qt en a -| 1926 | 20,000 0 | 259,871,229 | 5,605,546 
Pay tO ke. eo a Ee ke os eee .| 1937 | 1,770 0| 2,538,407 473,242 
83 Pecos-Ward: Pay tones Aen es ck oe ie ° on es 
84 Reagan: FESS oD ee Oe ete aie Oc Ome, cee ne ae a ie an e i ; 
85 oe Laced Senn see NNER tech, ee ee lee ee : ‘ 
86 AE uae OOO -LOOU AY) eedyet, ce at chee sete tee erelercl es a2 7 sen 2 oneal Hens = ; 
87 Bo salcon(Ordowolatn came immcc np cniee ston une dnes nce eee ee ans ee ae : Beatie ae d 
eee ee asm ols wey | | aan 
Para en ee Se 1940 20 0 12/658 7,066 
91 IOUIGIN FL aloe er cence 2 eS a Ne: con mn a a RE 1927] 190 0 990,962 3,707 
oes EO a Ge ea 1939 40 0 2,595 0 
ee ee a se ee ee 1939 | 160 ]1,000 | azasi | 9 400 
Pe MEN ee MSN, za] 40804 100 0 
94 Sarees Sharon Ridge (restricted). Beta sacle ee ; : q 
95 | Scurry-Mitchell: Sharon Ridge (shallow)’.. RAG Sacha a Re oR on ae aes oy , slr es cele 
ee ac rate | apd 
98 | Upton-Crane: McCamey-Hurdle-Herrington-Crane Cowder.............. Ms ane : ee ele ee 
eee er eee 2,000 | 12,520/019 | 1,945's90 
100 er ae eas gress Ns : 779 321 M3968 
101 Magnolia pealyaneniacad me st tix fas108 (erence y ee ore 
102 Magnolia Sealy South. . ; Beet aa 
103 poe Be ere ole rer eee: : te ’ 
ee ete ee 0| 3,723,582 | 563,498 
105 De) a a a 4 a 133 99193 
106 Shipley (Deep)... yA a eae eg y | 24,073;834 || 2,403'965 
| EEE es AO 1s ee aaa a em y | 27565676 | 1'314'729 
108 EUG ON oo ag ec Ege eee H o371 ort 
eg ee eee ee eee o| 541116 | 158/796 
2) TC 5 2 ea alae ae ee a ean 9.791382 434186 
111 ENTS aE Oo GEES RNa Oe ae ie tea ' 387586 170'556 
RESON I Gee aac an ee a RE 10 860852 |  118'208 
113 OS eR eee Lee 
| EAC SR i a A 2) a ae 0 | 205/345,000 | 2,814'056 
ao ee ee Eee wees ‘ 215,107 aser aro 
wpa ae a gcse ater trntndrnefeneneseeennenions eee eae 
oT RTI I) i a ae 1933 | 9'500| 0| 4'389'066 | °557°555 
118 ee am oe oe ates oer ee Fe 1927 | '960/ y| 3,916,902 | 195,605 
119 Ti ool 00, Ba a Ne i 3542735 588/997 
120 Bam OROMEN giceian Fas S bay valves spk gene tan ao eats: 2351 cH 
121 PANG Oh oboe ys save SIME Aes OED ERO i ENTE eee CEMCRRD arr steer 2 25°45 25/415 
122 | Yoakum: Ownby.. 0 41348 | 21.933 
123 Waples-Platter nite 0 34°741 9 ‘058 
124 Wiest Meenas ona coher iieant Kila cs alee ae 


7 Formerly Ira pool. 


5 Previous year’s production not divided between high gravity and low gravity. 
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TABLE 1.—(Continued) 
fatal las Product Oil-production | Reservoir Pres- 
T teat, Cu eee Number of Oil and/or Gas Wells oe as 8 per 
During 1941 End of 1941 Number of Wells 
vg. at 
s | ToEndof | During | £3 be Initial | End of 
| 1941 1941 Seuul ey 3 | ees] wy % RY 1941 
2 Bs] e | 5 | b/s |e 2 | 3 
4 Fines a = aes He E e as 
2 aa | 3 85 | 8: Ba 5 pe 
na Sia 5 = (ONE hac (iro EO | g& | SA 
60 | 4 y 4 4 0 4 4 0 4 0 z y 
61 4 y 40 39 0 0 39 0 40 0 | 2,304 2,400 
62 4 y 6 6 0 0 3 3 2 1 y y 
63 4 y 1 1 0 0 1 0 0 1 y y 
64 x y 11 4 0 0 11 0 10 1 y 1,580 
65 x y 10 0 0 0 10 0 3 7 x vy 
66 0 0 3 0 0 0 3 0 0 3 z z 
67 0.24 0.24 1 1 0 0 1 0 1 0 y y 
68 < y 1 1 0 0 1 0 1 0 y y 
69 Lz y 46 9 0 0 46 0 43 3 y y 
70 z y 24 2 0 0 24 0 0 24 x x 
71 z y 23 0 0 i 20 0 15 5 £ y 
72 z y 102 0 1 0 101 0 43 58 x y 
73 =z y 78 0 < 0 77 0 27 50 = y 
74 ies x 7 0 0 2 2 0 0 2 x z 
75 x y 48 2 1 0 47 0 27 20 x y 
76 x z 109 15 3 0 109 0 8 101 e y 
77 x x 252 14 y 0 252 0 2] 252 = x 
78 x y 39 34 0 0 39 0 32 7 843 735 
79 0.43 0.48 1 1 0 0 1 0 1 0 y y 
80 x y 18 6 0 0 18 3 18 0 850 845 
81 z y 10 0 0 0 10 0 0 10 100 z 
82 119,155 1,173 559 1 0 4 555 0 521 38 700 529 
83 i y 141 0 13 0 128 0 53 75 750 y 
84 23.8 23.8 2 2 0 0 2 0 2 0 y y 
85 x x 21 0 0 0 4 0 0 4 2 2 
86 z x 261 0 1 3 182 0 0} 182 x £ 
87 2 y 25 1 2 1 14 uf 7 7 | 3,600 y 
88 ) x 1 0 0 1 0 0 0 1 z z 
89 x x 5 1 0 0 4 0 0 4 y y 
90 x y 2 0 0 1 ict ted 1 0 y y 
91 £ z 19), 0 1 6 1 0 0 1 y y 
92 y y 1 0 0 0 1 0 0 1 x y 
93 8,417 1,632 5 0 0 0 1 4 0 1 2,056 1,500+ 
94 x y 99 24 0 1 98 0 0 98 2 x 
95 x x 65 42 0 3 62 0 0 62 . x 
96 2 x 1 0 0 0 1 0 0 1 x y 
97 x & 5 0 2 0 2 0 0 2 Fd x 
98 z 2 1,069 26 47 0 969 0 2] 967 2 z 
99 x y 1 0 0 0 L 0 0 1 2 x 
100 x y 344 8 0 0 344 0 283 66 1,370 420 
101 x y 55 0 0 0 55 0 33 22 1,360 1,400 
102 x 7] 14 11 0 0 14 0 14 0 7] vy 
103 z y 2 0 0 0 2 0 2 0 z y 
104 x y 1 0 1 0 0 1 0 x vy 
105 it y 120 7 0 0 120 0 10] 110 £ y 
a y 2 1 0 0 2 0 2 0 y y 
x y 414 55 0 0 0 281 | 183 1,400 y 
x L y y 20, 3 217 | 365 1,370 
2. 2.6 4 0 0 0 4 0 1,400 
fo) 7] 0 0 0 0 2 5 = 
x y 9 0 0 y 
x y 13 0 0 0 
Lr ] 0 1 0 0 
x y 0 0 0 0 
x y 0 8 0 We 
Fy y 0 21 0 0 
x y 76 0 0 0 
x y 7 0 0 0 
x y 0 0 0 0 
z y 2 0 0 0 
5. 5. 1 0 0 0 
0 0 5 0 0 0 
0 0 0 0 0 0 
y y 0 0 0 0 
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TABLE 1.—(Continued) 
(0 pe EO a A es ee 


Producing Formation 


S15 


Deepest Zone Tested 
to End of 1941 


Depth, 
Avg. Ft 
be ee a 
a ee in Name Age) . aes Name 
g pas & -8 2 oe S55 > 
z|2oa8| 80 3 2 self ala=| 5 
2 | Bos S| a5 = 8 |, S8|SBa\F s] 8 
£ | Seba | 3a a 5 |SESISHE (S| £ 
Silene a Ss) & IAN BtFie) 
60 35.2 | y Wichita Per D Por |3,750 |3,820 | y| A | Pre-Cambrian 
61 43 y Upper Simpson Ord § Por | 5,320 | 5,350 | 25 | F | Pre-Cambrian 
62 40 y Lower Simpson Ord S Por | 5,910 | 5,940?) 25 | A | Pre-Cambrian 
63 40.6 | y Ellenburger Ord D Por | 5,920 |5,932 | 2 | A | Pre-Cambrian 
64 41 y Ellenburger Ord D Cav | 4,550 |4,580 | 20 | A | Pre-Cambrian 
65 20 y Queen Per s-D Por | 1,412 | 1,443 | 15 | D | San Andres 
66 ihe f 0 Paluxy Cre 8 Por 50 60 | y| y | Devonian 
67 35.8 7] Ellenburger Ord D Por | 5,382 | 5,389 x | 2 | Ellenburger 
68 24.4 | y San Andres Per D Por | 2,037 |2,041 | 4] a | San Andres 
69 34 y Queen Per 8 Por} 1,675 |1,700 | 10 | A | Grayburg 
70 28 1.4 | Queen Per 8 Por | 1,200 | 1,400 | 5 | M | Pre-Cambrian 
71 41 y Yates sand Per Ss Por | 1,300 |1,600 | 15 | A | San Andres 
72 38 1.6 | Yates sand Per is} Por | 1,875 |1,950 | 15 | A ‘| San Andres 
73 25 y Yates sand Per § Por | 1,500 | 1,650 | 15 | A | Ellenburger 
74 17 0 Dewey Lake Per 8 Por |1,380 |1,397 | 10] z | San Andres 
7b. 8b y Seven Rivers Per § Por {1,415 |1,465 | y | y | Pre-Cambrian 
76 29 Pet iG Per D-S Por | 1,580 |1,650 | 25 | A | San Andres 
77 19 2.1 | Toberg Cre 8 Por 400 | 445 | 15 | AL | San Andres 
78 ate2, 1.4 | Queen Per 8 22 |2,065 | 2,080 | 15 | A | Ellenburger 
79 33.7 | ¥ Ellenburger Ord D Por | 4,307 |4,383 | 20 | a | Pre-Cambrian 
80 31.5 | 1.4 | Queen Per 8-D 22 |1,650 |1,700 | 10 | A | Ellenburger 
81 32 1.5 | Yates sand Per 8 Por 900 | 1,100 | 15 | AL | San Andres 
82 30 1.6 | San Andres Per D Por |1,310 |1,450 |100 | A | San Andres 
83 83.5 | 1.1 | Yates sand Per 8 Por | 2,000 | 2,080 | 40 | A | San Andres 
84 44.2 |y Ellenburger Ord D Por | 9,016 |9,082 | 25 | a | Hllenburger 
85 35 0.3 | Queen Per 8 Por | 2,375 |2,500 | 40 | A | Hllenburger 
86 36 0.4 | San Andres Per L-D Por | 2,960 | 3,000 | 60 | AD | Ellenburger 
87 44 6.18 | Ellenburger Ord D Por | 8,200 | 8,900 | xj} A | Ellenburger 
88 30 y Upper Castile Per D Por | 1,618 |1,680 | y | zx | Upper Castile 
89 42 y y Pen 8 Por | 2,366 |2,388 | 22} N |y 
90 39 y Palo Pinto Pen L Por |3,557 | 3,583 | 26} N | Palo Pinto 
91 41 y Graham Pen 8 Por | 2,550 |2,562 | 12) N |y 
92 34 y Cisco Pen L Por |4,045 |4,081] 15] y |y 
93 41 y Strawn Pen L Por | 5,485 |5,560 | 50 | A | Bend (?) 
94 30 y San Angelo and Clear Fork | Per | D&S | Por | 2,250 | 2,450 | y{ A | Wichita 
95 29 2 San Andres Per DL Por | 1,650 |1,750 | y} A | Wolfcamp 
96 33 y San Andres Per DL Por | 1,123 |1,127 | 4 | MC | Clear Fork 
97 oy y Grayburg Per DL Por | 2,060 | 2,150 | y| A | San Andres 
98 98 2.3 | Grayburg Per DL Por | 2,250 |2,300 | 30 | A | Wichita 
99 37 y Queen Per § Por | 2,550 |2,570 | 7} y | Grayburg (?) 
100 34 1.2 | Yates sand Per | S&D | Por | 2,450 | 2,950 | 50} A een 
101 SOn7 | ay Seven Rivers Per OD Por | 2,878 | 2,952 | 30 | A | Queen 
102 28 y Seven Rivers Per OD Por | 2,890 | 2,910 | 15 | A | Queen 
103 29 0.14 | Delaware sand Per s Por | 4,665 |4,675 | 5 | T | Delaware sand 
104 y y Delaware sand Per 8 Por | 5,084 | 5,094 | 10 | A | Delaware sand 
105 34 1.8 | Seven Rivers Per DS Por | 2,900 |3,100 | 50} A | Ellenburger 
106 Boom 0 Silurian Sil L Por |7,018 | 7,075 | «| 2 | Hllenburger 
107 36 1 Yates sand Per D-S Por | 2,500 | 2,750 | 40 | ML | Wichita ss 
108] 32 1.3 | Seven Rivers Per 8 Por | 2,300 | 2,525 | 40 | ML | Wichita (?) 
109 28 y Seven Rivers Per OD Por | 2,930 }2,960 | 20 | A | Seven Rivers 
110 26 y Yates sand Per DS Por | 3,100 }3,170 | 20 | A_ | Seven Rivers 
111 33 y Yates san Per 8 Por | 2,833 |3,100 | 40 | AC | Seven Rivers 
112 y y Seven Rivers Per OD Por | 2,790 |3,000 | 20 | A | Seven Rivers 
113] 31.1 | y Yates sand Per 8 Por |3,100 |3,200 | 22 | AC | San Andres 
114 30 1.1 | Seven Rivers Per OD Por | 3,025 |3,075 | 30 | A | Grayburg (?) 
115] 28 1.4 | Seven Rivers Per OD Por | 2,600 |2,900 | y | A | San Andres 
116 35 y Yates sand Per DS Por | 2,825 |3,200 | 10] A | Grayburg 
117) 36 y Grayburg Per s Por |3,215 |3,313 | y | A | San Andres 
118] 36.5 | 0. Grayburg and San Andres | Per | D&S | Por |3,210 |3,360 | y | A | San Andres 
119 28 ile Seven Rivers Per OD Por |3,000 |3,100 | yj} A | San Andres 
120 iN Yates sand Por | 2,800 |3,050 | 10 | A | Grayburg (?) 
121 y Por |3,005 |3,210 | y | a | Queen 
122 0. Por | 5,235 |5,360 | 70 | A | San Andres 
0. Por | 5,200 | 5,300 | 25 | A | San Andres 
y San Andres Por | 5,168 | 5,255 | 10 | MC | San Andres 


6 Three pay horizons: Yates sand, Queen and San Andres. 
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TABLE 2.—Summary of Drilling Operations in West Texas 
a 
Important Wildcats Drilled in 1941 


Location 
Total ; 
Couns Dep. | sie, | Perio 
Sec. Blk. Survey P 
Ti Amdrews: co..cersseannrcce 6 23 A-42 P.S.L. 5,600 Recent San Andres 
O| AMGrews sata. nies os ase 15 A-32 P.S.L. 8,000 Recent Leonard 
S Andrews ove ase hams ce 32 10 ULL. 8,368 Recent Ellenburger q 
4] Bailey..................| Labour 24 | Leg. 178 Sutton County 5,601 Recent Clear Fork 
School Land _ 
5) Coohran.2, ctsarsereecn. Labour 9 League 56 | Oldham County | 7,000 P.B. | Recent Clear Fork 5 
School Ld. 5,068 i 
6| Cochran................| Labour 4 League 89 Lape County Ss ea to | Recent San Andres y 
ch. Ld. , 
7| Cochran................| Labour 26 | League 96 | Mills County 6,621 Recent Clear Fork ? 
School Land : 
RIVCPATIOW ceca ne ake acet. 12 3 H, & T.C. ns Pe ages Recent Ellenburger 
z i 
O).Granesc.. Reno eon. 28 B-27 P.S.L. 5,660 Recent Ellenburger i 
10’ Cranes rea eee 22 31 U.L. 10,659 Recent Ellenburger ft 1 
Ul eratien snes. onceepahsisktess 15 3 H& T:C. 5,648 Recent Ellenburger { 
13} Crockett ecenenceeicmon 26 Wx G.C. & S.F. re Cretaceous | Ellenburger / 
6 
13) Crockettiscesataes sm ces = 37 GG H.E. & W.T. 2,186 Cretaceous | San Andres : 
14| Crockett 48 UV G.C. & S.F. 1,456 | Cretaceous | San Andres 7 
15INCrORDY:< wkretanien oo ut =t 3 D-15 W.T. & R.R. 4,054 a Clear Fork : 
16| Dawsons, . auanweiae 36 M E.L. R.R. 4,600 | Recent San Andres | 
17| Ector.. 4 45, T-1-N | T. & P. 6,431 Recent Wichita 
18} Ector. 12 44, T-1-N | T. & P. 7,000 Recent Wichita 
19 Gaines ate thatents 50 Ax P.S.L. te P.B. | Recent Ellenburger 
,40! 
D0 WE Ale structs stice teks 17 K Ge eke. bes 6,766 Ogallala Pre-Cambrian 
21| Lubbock 25 A J. H. Gibson 5,002 Ogallala Clear Fork 
22| Lynn.. i 18 ll E.L. & R.R. 6,431 Recent Clear Fork 
Oo) Martins centre waseurtee Labour 10 | League 260 | Borden County 7,701 Cretaceous | Clear Fork 
; School Land 
24| Mitchell 49 16 8.P. & R.R. 8,002 Triassic Ellenburger 
Dhl MoOtloyin atcniocate aero: 127 J. H. Gibson 6,269 Ogallala Pre-Cambrian 
26] Pecos. 8 105 H. & G.N. 1,583 Cretaceous | Yates Sand 
27| Pecos 589 G.C. & S.F. ae P.B.to| Cretaceous | Ellenburger 
009 
28| Pecos 43 11 H. & G.N. 4,493 Cretaceous | Ellenburger } 
29| Pecos 36 3 H. & T.C. ae P.B Cretaceous | San Andres 
041 
30] Pecos 25 9 H. & G.N ods te Recent Ellenburger 
31| Pecos .| Myrick strip 9 H. & G.N 3,004 P.B Recent Clear Fork ! 
320 
32] Pecos 22 9 H. & G.N 6945 Recent Waddell Sand (Simpson) 
33] Pecos 5 110 T.C. R.R 4,526 Recent Pre-Cambrian ‘ 
34] Pecos 31 49 T-10 | T. & P. Drilling Cretaceous | Delaware Mt. F 
35| Pecos 25 9 H. & G.N yeh Recent McKee Sand (Simpson) 
36] Pecos 31 9 H. & G.N 5,745 P B Recent Pre-Cambrian i 
Of | RCABOD Fe. cena Br uaeis's 3 48 V.L 9.204 P B. | Cretaceous | Ellenburger 
Oe Wend) c, dca cw ara, 53 34 | H.& T.C. "2,990 | Recent —_ | Seven Rivers | 
BO | Winkler) com cctina, cm 4 B-3 P.S.L. 8,445 | Recent Devonian 
40] Winkler. 7 B-11 P.S.L. 3,210 Recent Queen 
41) Yoakum 502 D J. H. Gibson 5,348 Recent San Andres 


vat i 
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TABLE 2.—(Continued) 
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Important Wildeats Drilled in 1941 
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Initial Production Pressure, Lb. 
per Day Choke A per Sq. In. 
3 ean, b 
Drilled by ae age Prac tons Remarks 
il, U. mb id of an Inc’ : 4 
* | Millions Casin Tubin 
Bol. | Ou. Ft. 5 
1) Fuhrman Petr. Co. 40 0.08 it 175 20 Discovery West Fuhrman 
2 Fullerton Oil Co. 682 0.25 1 0-40 60-10 | Pay 6790 to 7400 ft. 
3} Phillips Petr. Co. Dry and abandoned 
4| Broderick & Calvert et al. Dry and abandoned 
i Tested formations below regu- 
5 esate Ref. Co. 849 0.42 5 ¢ sq. 600 350 { lar Slaughter field zone 
6) Atlantic Ref. Co. & R. Rhodes | 358 pump 58 Discovery; Rhodes pool 
7| Livermore Drill. Co. Dry and abandoned 
. . Discovery well: Waddell sand 
8| Continental Oil Co. 83 0.10 546 275 25 | eduction S. Crate Co 
i hs A iscovery well of 1-B Area— 
6| Gulf Oil Corp. 1-B Tubb 6,905 | 4.7 | 3 (tubing) | 1,000-500 2 | ttt Ti 
10} Gulf Oil Corp. 1-F Univ. Dry and abandoned 
11} Gulf et al. 17 Waddell 1,242 207 2 556 131 Discovery well 17 Waddell area 
South Sand Hills 
. 12) Amerada 1-B Todd 85.3 | 0.004 14 0 260-0 Showed oil in Ellenburger 
13] Inman & Harris 88-++ 6 hr. Discovery well Clara Couch “eld 
14) Wahlenmaier & Currie 196 Gas lift Discovery well Bean field 
15} G. Callahan & C. L. Wagner Dry and abandoned 
16} Ray Albaugh 181 pump Discovery: Welch pool 
17| Grisham & Delaney Dry and abandoned 
18} Stanolind Dry and abandoned 
19] A. G. Carter 511 0.41 4 750 200 Discovery Wasson’s 3rd Pay 
7055-7433 
20| Humble Oil & Ref. Co. Dry and abandoned 
21) L. C. Harrison 160 pump | 0.05 Discovery: Lubbock pool 
22] Livermore Drill. Co. Dry and abandoned 
23] Magnolia Petr. Co. Dry and abandoned 
24| Humble Oil & Ref. Co. Dry and abandoned 
25| Humble Oil & Ref. Co. Dry and abandoned 
26| H. L. Cain & 8. G. Dunn 0.96 Discovery gas well 
27| Culbertson & Irwin Ine. 36 Gas lift Discovery Heiner pool 
28} Gulf Oil Corporation 268 0.34 2 thg. 300 35 Discovery Wentz pool 
29] Jamison & Pollard 198 x 4 (sq. outlet) y y Discovery Jamison and Pollard 
30} Magnolia-W. F. McKee 62 pump Discovery: Ellenburger produc- 
tion Abell field 
31] Magnolia 1-B St. Myrick 66 0.001 y% 390-360 | 390-395 | Discovery: Abell field “2300-ft. 
pay” 
32} Magnolia 1 St. Sharp 92-P egies Abell field Waddell 
sand pay __ monk 
33| Olson Drill. Co. & Bryce Mc-| 2,416 7.73 34 1,600 950 Discovery: First “pay” below 
Candless Ellenburger 
34] Pure Oil Co. Testing at end of year Discovery: Chancellor pool 
35] Sicmoneit Drill. Co. 265 0.12 y% 580 250 Discovery: Abell field “3300-ft. 
pay “ 
36] Stanolind Oil & Gas Co. 346 ay VY 1,400-880 | 1,400-500 Discovery: Abell field “3800-ft. 
1 pay 
37| Amerada Petr. Co. 1,122 2.4 1 175 200 Discovery: Barnhart pool 
38] Stanolind 226 0.001 Y 275 275 Discovery: Spencer pool 
39] Magnolia Dry and abandoned 
40} Sam Weiner 370 0.77 34 350 y Discovery Weinar pool 
41| Livermore Drill. Co. 13 x 58 0-180 | 200-800 | Discovery: Ownby pool 
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laid. The capacities of the main trunk lines 
out of the region were increased by pump 
installations, looping of lines, and larger 
pipe. The capacity of the trunk lines of the 
region is now approximately 440,000 bbl. 
of crude per day, an amount that is still 
much too small for the area. 


DISCOVERIES 


There were 25 new discoveries through- 
out the district, including new “pays” 
found in previously producing fields. Of 
this number, 9 are from the pre-Permian 
and 16 from Permian rocks. These are 
listed in Table 3. 

To single out particular discoveries as 
the most significant or the most important 
is a very difficult task. However, the 
following have been chosen as outstanding, 
from present information and present 
interpretation of the data in Table 3. 

Outstanding Permian Discoveries —The 
Lubbock County discovery, No. 1 Nairn 
of L. C. Harrison et al., in sec. 25, block A, 
J. H. Gibson survey, about 314 miles 
northeast of the city of Lubbock, was 
completed as a producer in the Clear Fork 
at a depth of 5002 ft. On the official test 
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Oct. 30, 1941, it pumped 160 bbl. of 28° 
gravity oil in 24 hr. plus 5 per cent water 
from a broken pay zone composed of finely 
granular and finely porous dolomite topped 
at 4870 ft. The well was shot with 465 qt. 
from 4885 to 5002 ft. and treated with 
2000 gal. of acid. Although this field has 
not been extended as yet, the possibilities 
for this large area are very encouraging, 
in that the discovery lies 42 miles north of 
the Garza field, Garza County, and 39 miles 
east of the Slaughter field. 
The Wasson ‘72” discovery well, 
Amon G. Carter No. 4-D Wasson, sec. 50, 
block AX, P.S.L. survey, was drilled to a 
depth of 11,108 ft., presumably in the 
Ellenburger, and plugged back to a depth 
of 7433 ft. The pay, which was topped at 
7055 ft., is correlative with that in the 
Fullerton Petroleum Company’s No. 1 
Wilson in Andrews County, and is believed 
to be Wichita (Leonard) in age. On initial 
test in December, the well flowed 511 bbl. 
of 34° gravity oil in 24 hr. on gas lift, 
through 14-in. choke. Geological informa- 
tion on the well has not yet been released. 
This pay should be one of the outstanding 
future reserves in northern West Texas 
and part of southeastern New Mexico. 


TABLE 3.—New Discoveries during 1941, Including New “‘Pays” in Established Fields 


County Field Discovery Well Producing Horizon 
Andrews....| West Fuhrman Fuhrman Petr. Co. No. 1 Lockhart-Brown San Andres 
Cochran .| Rhodes : Rhodes & Atlantic No. 1 Honolulu-Dean San Andres 
Crane :4i=;. South Sand Hills | Continental Oil Co. No. 1 E. B. Jones Simpson (Waddell) 
CANE). scthas South Sand Hills | Gulf Oil Corporation No. 1-B Tubb Ellenburger . 
Crane. 2 ssi. : South Sand Hills | Gulf Oil Corporation No. 17 Waddell Ellenburger 
Crockett... .| Clara Couch Inman & Harris No. 1 Clara Couch San Andres 
Crockett....| Bean Wahlenmaier & Currie No. 1 George Bean San Andres 

Welch Ray Albaugh No, 1 s J. Handley San Andres 
Wasson ‘‘72" A. G. Carter No. 4-D Wasson Wichita 
.| Lubbock L. C. Harrison et al. No. 1 Nairn ' Clear Fork 
Cain & Dunn No. 1 Sun-Downs Yates Sand 
Abell Magnolia Petr. Co. No. 1 W. F. McKee Ellenburger 
Abell Magnolia Petr. Co. No. 1 State-Sharp Simpson (Waddell) 
Abell Magnolia Petr. Co. No. 1-B State-Myrick San Andres 
Abell Sicmoneit Drill Co. No. r Walsh et al. Clear Fork 
..| Abell Stanolind Oil & Gas Co. No. r Conry-Davis Wichita 
.| Apco- Warner Olson Drill. Co. & Bryce McCandless No. 1 Crockett | Pre-Ellenburger 
..| Heiner Culbertson & Irwin Inc. No. 1 Heiner Ellenburger 
.| Jamison & Pollard rites & Pollard No. 6-DE Pecos Valley San Andres 
Taylor-Link ilton Unger No. 1 Shell-University lee 
Wentz Gulf Oil Corp. et al No. 2 L. H. Millar lenburger 
Barnhart Amerada Pet. Corp. No. 1-RA University Ellenburger 

g Spencer Stanolind Oil & Gas Co. No. 1 Molly Spencer Seven Rivers 
Winkler..... einer Sam Weiner No. 1 S. B. Halley ween 
Yoakum....} Owenby Livermore Drill Co. No. 1 Owenby an Andres 


“- 


Ries: wii yA AP le te Pa OE EE EA AANA LE SO LLY LOLA LA LAL AA * “ 


TAYLOR COLE AND WILLIAM T. SCHNEIDER 


The Abell field, in northern Pecos 
County, had five new “pays” found in it 
during 1941 and now has more productive 
zones than any other field on the Central 
Basin Platform. Three of the newly dis- 
covered ‘‘pays” are from the Permian and 
two are from the pre-Permian. New ‘‘pays” 
from the Permian include San Andres 
(Penn-Goldsmith zone), San Andres (Holt 
equivalent) and Wichita (Tubb equiva- 
lent). Because the dolomite section is very 
porous, equivalent oil-bearing zones might 
be expected over the whole of the structure. 

Important Pre-Permian Discoveries —One 
of the most outstanding additions to the 


_reserves of West Texas was the discovery 


of the Barnhart field in southeastern 
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Reagan County. The discovery well, sec. 
3, block 48, University Lands survey, was 
completed Oct. 1, 1941, at a plugged back 
depth of 9082 ft. On official test the well 
gauged 1122 bbl. of 44.2° gravity oil 
through 1-in. tubing choke on 2-in. tubing, 
with a gas-oil ratio of 2140:1 after an acid 
treatment of 5000 gal. The pay, which was 
topped at 9016 ft., comes from Ellenburger 
dolomite, from which some of the upper 
part has been removed by erosion. The 
pay is finely to coarsely crystalline dolomite 
with interstitial porosity, in contrast to 
most Ellenburger porosity, which usually 
is fractured and cavernous. There are ap- 
proximately 60 ft. of porosity, of which 
about 25 ft. are thought to be effective pay. 


vA, 
<q 
H 
i Devonian 
> 
[s2} 
QA 
Z 
<q 
4 
% Niagaran 
P 
= 
onl 
n 
a Montoya 
Oo F McKee Sand 
— Simpson 
5 ae Sand 
A 
% 
fo) 
Ellenburger 
a 
s 
m Unnamed conglomeratic sand 
a 
xq 
1S) 
Z 
<< 
eH 
fai 
Q 
= Pre-Cambrian 
= 
{ea} 
4 
Pa, 
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New areas of Ellenburger and Simpson 
production along the ‘‘Crane County 
Ridge”? were opened by the Gulf Oil 
Corporation’s No. 1-B Tubb and No. 17 
Waddell, which produce from the Ellen- 
burger, and the Continental Oil Company’s 
No. 1 E. B. Jones, which produces from 
the Waddell sand of the Simpson group. 
Flank production from the McKee and 
Waddell sands and production on the top 
of this ridge from the Ellenburger mark 
this structural feature as one of our large 
Ordovician reserves. The production is 
relatively shallow (5650 ft.) and the wells 
are usually very large (10,000-bbl. wells 
being not uncommon). 

The shallowest Ellenburger production 
in West Texas was discovered in No. 2 
L. H. Millar, Gulf Oil Corporation et al., 
sec. 43, block 11, H. & G. N. survey. This 
well originally was completed in December 
at a total depth of 4383 ft., for a flow of 
263 bbl. of 33.7° gravity oil with a gas-oil 
ratio of 2757:1, through 2-in. tubing, 
after treatment with 10,000 gal. of acid. 
Production did not hold up, so the well 
was drilled to granite, where it became the 
second well in West Texas to show oil in 
the sand and conglomeratic section be- 
neath the Ellenburger. The other well, 
Olson & McCandless’ No. 1 Crockett, 
sec. 5, block 110, H. & G. N. survey, at 
the southwest end of Apco-Warner field, 
northern Pecos County, reported an in- 
crease of about 75 bbl. per hour from the 
conglomerate section beneath the Ellen- 
burger, at a depth of 4523 to 4526. This 
section should be kept in mind for future 
exploration, because of the presence of 
numerous granite knobs in West Texas 
and southeastern New Mexico. 

Two new Ordovician “‘pays” were found 
in the Abell field; Waddell sand (Lower 
Simpson) and in the Ellenburger. 


EXTENSIONS 


At least three fourths of the fields in. 


West Texas were extended some during 
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1941. However, the most active was the 
Slaughter field, where 648 wells were 
drilled during 1941, giving it a size of 
55,000 acres and thereby making it almost 
as large as the Wasson field. The following 
fields were extended considerably: Abell, 
Emma, Foster, Johnson, Noelke, North 


Cowden, Sand Hills, Seminole, Todd, 
Walker, and Wasson. 
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Oil and Gas Development in West Virginia during 1941 


By Davin B. REGER,* Memper A.I.M.E. 


THE expansion of the previously dis- 
covered gas pools and an intensified search 
for additional pools in the Oriskany and 
deeper sands were the principal petroleum 
activities in West Virginia during 1041. 
One small oil pool was discovered and 
another was considerably extended. One 
small gas pool was discovered, several 
isolated well discoveries were expanded 
into definite pools, and various recognized 
pools were substantially increased. The 


proved oil territory of the state was 


increased about 600 acres and the proved 
gas territory about 45,000 acres. The new 
discoveries of oil did not equal withdrawals 
but gas reserves added were greater than 
gas withdrawals. 

Oil activity, as in the past several years, 
was slight because of unfavorable crude 
prices. Most operators prefer to leave oil in 
the ground rather than to drill for it with- 
out a better return. Gas activity increased 
greatly because of better demand, even 
though the price of gas did not improve. 
The account of operations, as gathered 
from trade journals and other reporting 
services, shows that 838 new wells were 
drilled, resulting in 114 new oil wells with 
2606 bbl. of daily new production; 558 new 


gas wells with 949,226,000 cu. ft. of daily 


open flow; and 166 dry holes. Also, 86 old 
wells were drilled to deeper sands with 
9 bbl. and 56,030,000 cu. ft. of added 
production. On the new wells the oil 
average was 22.86 bbl. per well per day; 
and the gas average was 1,701,000 cu. ft. 
per well per day. On new wells the ratio 
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of dry holes to completions was 13.61 per 
cent. On deeper drilling to other sands the 
ratio of failures was 15.12 per cent. 

From an exploratory standpoint one 
strictly new oil pool (Higginbotham Run) 
was opened in Kanawha County and one 
strictly new gas pool (Lost Run) in Taylor 
County. One entirely isolated wildcat gave 
commercial Oriskany-sand gas production 
and may open a pool. Various other wild- 
cats greatly extended the boundaries of 
known Oriskany-sand gas pools and various 
others may have opened new pools in the 
shallow sands. On the other hand, various 
Oriskany tests in Harrison, Monongalia, 
Roane and Wood Counties were dry and 
all five tests to the White Clinton sand 
(Sil.) in Boone, Harrison, Kanawha and 
Wood Counties failed to find commercial 


production. 

The principal oil wells completed, by 
counties, were: Calhoun, 24; Clay, 7; 
Gilmer, 6; Hancock, 9; Kanawha,: 9; 


Pleasants, 10; and Ritchie, 14. Production 
for the year was estimated by the Oil 
Weekly as 3,421,000 bbl., compared with 
U. S. Bureau of Mines final figures of 
3,444,000 bbl. in 1940. The leading counties 
in gas-well completions were: Boone, 32; 
Braxton, 19; Cabell, 16; Calhoun, 46; Clay, 
20; Gilmer, 37; Jackson, 94; Kanawha, 82; 
Lincoln, 17; Putnam, 46; Ritchie, 33; 
Upshur, 20; and Wayne, 33. Production 
for the year is estimated by the author as 
210,000,000,000 cu. ft., as compared to the 
U. S. Bureau of Mines’ final figures of 
188,751,000,000 cu. ft.* in 1940. 


* The public Service Commission of West Virginia 
reports (by letter) 193,343,584,000 cu. ft. 
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Various pipe lines of considerable sizes 
and extent were built to handle new gas 
developed in Jackson, Braxton and Upshur 
Counties. One additional compressor sta- 
tion was built. 

The price of oil increased from $1.74 in 
January to $2.34 per bbl. at the end of the 
year. The price of gas at the well mouth 
did not improve, having declined to 12.3¢ 
per 1000 cu. ft. in 1940 and having no 
material change in 1941, but the demand 
was substantially greater. 

Rotary equipment was used for the first 
time in the drilling of two deep holes in 
Harrison and Lewis Counties. The test in 
Harrison was carried to a record depth of 
10,018 ft. This well was dry but the test in 
Lewis County developed Oriskany sand 
(L. Dev.) gas production. Extensive geo- 
physical exploration for possible deep oil 
sands was in progress during the year in 
Wetzel and Tyler Counties, but no deep 
wells were drilled. 


GENERAL STATE OF INDUSTRY 


The leasing of land increased consider- 
ably during the year. Statistics are not 
available from any source but it is probable 
that 5,000,000 acres may be under lease. 
The proved oil reserve, estimates of which 
differ greatly, has slightly declined because 
the new discoveries did not equal with- 
drawals. The proved gas reserve has 
increased slightly, owing to the substantial 
additions of new territory. 

Up to the end of 1941 about 64,770 oil 
and gas wells had been completed. During 
the year 114 oil wells and 558 gas wells 
were completed and 916 wells were 
abandoned because of nonproductivity or 
exhaustion. At the end of the year about 
17,382 oil wells and about 13,878 gas wells 
were producing. Production statistics are 
given in Table tr. 


PRINCIPAL AREAS OF ACTIVITY 


In Boone County drilling was active 
but operations were mainly routine. A 
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TABLE 1.—Production Statistics, West 


Virginia 
Aver- 
age 
oon Gas 
Gas, per 
Period Oil, Bbl. | 2&4, | Millions | Well 
Well Cu. Ft er 
Daily o oe b. 
Bbl oye 
‘ Cu. 
Ft. 
To end of 
Lie § Senet oS 416,852,000 6,895,777 ‘ 
During 1940..| 3,444,0007) 0.54 188,751%| 38,027 
During 1941..| 3,421,0005) 0.54 210,000°| 41,457 


2U.S. Bureau of Mines, final figures. 
> Oil Weekly, estimate. 
¢ Author's estimate. 


substantial quantity of new gas (20,002,000 
cu. ft.) was found. On Bull Creek, Peytona 
district, one small Oriskany-sand well 
was drilled but two other tests of this 
sand failed. One well reached the White 
Clinton sand (Sil.) but had only a show. 
In Sherman and Crook districts two wild- 
cats on the waters of Pond Fork, drilled 
to the upper sands, failed to get commercial 
production. 

In Braxton County only 19 wells out of 
41 completions had commercial gas. Two 
of the six wildcats drilled had small 
production but the Morrison discovery 
in Holly district northeast of Sutton is 
already discounted by four dry holes in the 
same locality. A small Gordon sand gas 
well, in Salt Lick District northeast of 
Falls Mill, is of questionable importance. 
Attempts to extend the Villa Nova pool 
farther northeastward in Birch district 
were quite unsuccessful, although there 
were good results on the south in Clay 
County, as will be discussed later. 

In Calhoun County the results of 
drilling were uniformly good, there being 
only three dry holes out of 73 completions. 
The 24 new oil wells had 452 bbl. of daily 
production and the 46 new gas wells had 
30,029,000 cu. ft. of open flow. No wildcats 
were drilled but the Sycamore oil pool, of 
Sherman district, was considerably ex- 
tended. At the end of 1940 this pool had 
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only seven oil wells but at the end of 1941 
it had 17 oil wells, two gas wells, one dry 
hole and eight uncompleted wells. Produc- 
tion is from the Big Injun sand (L. Mis.) 
with an average initial of about 20 bbl. 
per well. About 500 additional acres were 
proved in 1941, making the total pool 
area about 1000 acres. 

In Gilmer County 55 new wells were 
drilled and five old ones were deepened, 
12 of the new and one of the old being 
dry. Two wildcats were drilled, one of 
which, the Edwards No. 1 in Glenville 
district northwest of Dusk, was a small 
gas well in the Big Injun sand. 

In Harrison County a slight amount of 
routine drilling was done and a deep 
exploratory hole was completed, as will be 
discussed under Development in Oriskany 
“ Sand. 

Jackson County led the entire state both 
in the number of new completions and in 
the amount of new gas production. Most 
of the drilling was to the Oriskany sand. 

Kanawha County fell slightly behind 
Jackson in the number of new completions 
and very much behind in the amount of 
new gas found. Most of the new gas came 
from the Oriskany. In this county the 
Oriskany exploration led to the discovery 
of the Higginbotham Run oil pool, in 
Poca district, 2 miles northeast of Carney. 
The discovery well, G. W. Burdette No. 1, 
by South Penn Natural Gas Co., was 
completed in September 1940 for only 
to bbl. of oil and 1,513,000 cu. ft. of gas 
in the Big Lime (L. Mis.), but in 1941 
several additional wells were drilled. At the 
end of the year there were six oil wells, one 
dry hole and eight other tests in progress. 
Initial oil production totaled 1080 bbl. 
per day, or 180 bbl. per well; and two 
wells had substantial quantities of gas. 
Most of the wells have been acidized with 
good results. The pool is small, covering 
only about 100 acres and without much 
hope of extension, as many deeper wells 
have been drilled in adjacent territory. 
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Even so this is the best discovery in the 
Big Lime in West Virginia. 

In Lewis County little drilling was done, 
but a small Oriskany sand gas well was 
discovered by rotary drilling. 

In Lincoln County various new gas wells 
were drilled and numerous shallow gas 
wells were deepened to the Brown shale 
(M. Dev.) with good results. The Spur- 
lockville gas pool of Jefferson district, dis- 
covered many years ago but not actively 
followed up, had four new gas wells in 1941 
and four wells were uncompleted. New 
proved territory was about t1ooo acres. 
Gas is found in the Berea sand (L. Mis.) 
and Brown shale (M. Dey.). Average open 
flows are about 600,000 cu. ft. and rock 
pressure about 500 lb. One unsuccessful 
test has been drilled to the Oriskany sand 
(L. Dev.). 

In Logan County a few new gas wells 
were drilled; one was a second test within 
the city limits of Logan and reported as a 
Weir sand (L. Mis.) producer with 223,000 
cu. ft. This sand has not been generally 
productive elsewhere in the county. 

In Mingo County five wells were drilled, 
resulting in five gas wells with 7,312,000 
cu. ft. of open flow. 

In Monongalia County, Battelle district, 
in old territory a mile west of Wadestown, 
the Ada E. Shriver No. 1-3615, by Manu- 
facturers Light & Heat Co., was drilled 
to the Gordon Stray sand (U. Dev.) and 
gauged 8,500,000 cu. ft., but was flooded 
out by salt water in a few days. Deeper 
drilling to the Bayard sand (U. Dev.) found 
719,000 cu. ft. in this lower pay. 

In Pleasants County some additional 
drilling was done in the Maxwell gas pool 
of McKim district. In the three years 
1939 to 1941, inclusive, 11 wells have been 
completed, resulting in six gas wells, two 
oil wells and three dry holes, with produc- 
tion from the Salt (L. Pen.) Maxton 
(U. Mis.), Keener (L. Mis.) and Big 
Injun (L. Mis.) sands. Generally, only one 
or two sands produce in any single well. 
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The average initial gas volume has been 
about 234,000 cu. ft. per well and the rock 
pressure about 440 lb. At the end of 1940 
about 300 acres appeared to be proved 
and at the end of 1941 about 200 additional 
acres had been added. 

In Putnam County, Curry district, the 
Trace Fork gas pool continued to be 
active. At the end of 1940 the pool had 
26 gas wells and one dry hole. In 1941 
there were 42 completions, with 38 gas 
wells, one oil well and three dry holes. 
Eight additional wells were drilling at the 
end of this year. Gas is found mostly 
in the Salt (L. Pen.), Big Lime (L. Mis.), 
and Berea (L. Mis.) sands. In 1941 the 
initial average volume of gas per well per 
day was about 864,000 cu. ft. and the rock 
pressure about 520 lb. At the end of 1940 
the pool contained about 10,000 acres of 
proved gas territory, and at the end of 
1941 it had increased to about 15,000 
acres. Only a few wells have been drilled 
to the Brown shale (M. Dev.), which 
eventually may furnish much additional 
production in this pool. 

In Putnam County, Union district, 
Oriskany sand (L. Dev.) gas production is 
now being found. 

In Ritchie County there was the usual 
amount of routine drilling; 72 new wells 
were completed, resulting in 14 oil wells 
with 197 bbl. of initial production; 33 gas 
wells with 13,517,000 cu. ft. of open flow, 
and 25 dry holes. Eight wells were deepened 
and five of these produced additional gas. 

In Roane County the results for the 
year were not very good. Out of 19 comple- 
tions there were six oil wells with 132 bbl. 
of new production, four gas wells with 
1,771,000 cu. ft. of open flow, and nine 
dry holes. A considerable amount of the 
drilling was to the Salt sand (L. Pen.) 
in the Flat Fork oil and gas pool of Harper 
district, where there were 11 completions 
with five oil wells, two gas wells and four 
dry holes. At the end of 1941 six wells were 
drilling in this pool. No appreciable amount 
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of new proved acreage was added to the 
pool’s limits. A deep Oriskany test in 
Walton district resulted in salt water. 

In Taylor County, Booths Creek district, 
the Lost Run gas pool was opened on the 
eastern slope of the Chestnut Ridge anti- 
cline, with production from the Big Injun 
sand (L. Mis.). In this territory an old 
Big Lime (L. Mis.) well, completed many 
years ago, had some gas but the discovery 
was never followed up. In 1941 there were 


six completions with four gas wells and_ 


two dry holes. The average initial open 
flow is about 242,000 cu. ft. per well. 
Only about too acres have been definitely 
proved, but two additional wells were 
drilling at the end of the year. 

In Upshur County drilling increased 
materially and 20 gas wells were completed 
out of 26 tests drilled. The Lorentz gas 
pool, of Buckhannon district, was more 
active than any other. This pool was 
opened late in 1940 by the drilling of four 
small gas wells, and in 1941 there were 
11 completions with 1o gas wells and one 
dry hole. Production is mainly in the 
Benson sand (U. Dev.), but partly in 
the Fifty-foot (U. Dev.). The wells average 
about 300,000 cu. ft. of initial open flow 
and about 1200 lb. of rock pressure. At the 
end of the year the proved territory had 
been increased about tooo acres, and two 
wells were drilling. 

In the southern end of this county three 
small pools are being developed. The Rock 
Cave gas pool, in Banks district, was 
opened in 1940 with the completion of two 
gas wells. In 1941 there were three addi- 
tional gas wells and no dry holes. Produc- 
tion is variously reported in the Big Injun 
and Squaw sands (L. Mis.), and in the 
Gordon and Benson sands (U. Dev.). 
Initial open flow averages about 250,000 
cu. ft. and rock pressures about 350 Ib. 
The proved territory is about tooo acres, 
half of which may be credited to 1941. In 
Meade district the Holly Grove gas pool, 
discovered in 1924 but not actively ex- 
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ploited for several years, had six gas wells 
and one dry hole at the end of 1940. In 
1941 there were completed two additional 
gas wells and one dry hole and one well 
was drilling. Production is reported from 
the Gordon, Fourth, Fifth, Bayard, Eliza- 
beth, Riley and Benson sands (all U. Dev.), 
but only one or two of these yield gas in a 
single well. Initial open flows average about 
330,000 cu. ft. and initial rock pressures 
about 570 lb. The territory proved in 
1941 was about 500 acres, bringing the 
total up to about rooo acres. In Meade 
district, also, drilling increased in the 
Evergreen gas pool. Discovered in 1928, 
this pool has six gas wells, two dry holes 
and about 2000 proved acres at the end of 
1940. In 1941 the additions were five gas 
wells, two dry holes and about 500 acres 
- of new proved territory; and three wells 
were drilling at the end of the year. Gas is 
variously reported from the Gordon, 
Bayard, Riley and Benson sands (all 
U. Dev.). Initial open flow has averaged 
about 480,c00 cu. ft. and initial rock 
pressure about 620 pounds. 

In Wayne County the Wayne gas pool, 
of Union district, was more active than 
any other. At the end of 1940 this pool 
had 30 gas wells, four dry holes and covered 
about 11,000 acres. In 1941 there were 
19 additional gas wells, three more dry 
holes, and three uncompleted wells, but 
no additional acres were proved. Produc- 
tion is mainly from the Brown shale (M. 
Dev.), with an occasional Berea sand 
(L. Mis.) well. The wells of 1941 averaged 
about 197,000 cu. ft. of initial open flow 
and about 432 lb. of rock pressure. 

In Wetzel County there was activity in 
the Newdale gas pool of Proctor district. 
Ten wells were completed, of which four 
were commercial gassers and six were dry 
holes; and three wells were drilling at the 
end of the year. About 500 acres of new 
proved territory was added. Production 
in this pool, the complete history of which 
is not on file with the author, is partly 
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from the Maxton sand (U. Mis.) and partly 
from the Gordon (U. Dev.). Initial 
open flows have ranged from 100,000 to 
10,000,000 cu. ft. and initial rock pressures 
from 200 to 1000 lb. Fair averages appear 
to be about 3,000,000 cu. ft. and 800 lb. 
In Grant district of this county a large 
Big Injun sand (L: Mis.) oil well, Mike 
Barr 6-1565 by Carnegie Natural Gas Co., 
was completed in old territory about one 
mile southwest of Mobley. This well, which 
was drilled for gas but which came in as a 
221-bbl. oil well, has been transferred to 
Hope Construction and Refining Co., 
owner of the oil rights. 


SUMMARY OF EXPLORATION 


Table 2 gives a summary of important 
wildcat or exploratory wells drilled during 
1941, together with some others that have 
revealed unexpected deeper production in 
old fields. 


DEVELOPMENT IN ORISKANY SAND 


Drilling to the deep Oriskany sand 
(L. Dev.) continued to be active and fur- 
nished 75 per cent of the new gas discovered 
during the year. In Boone County, Peytona 
district, three wells were completed in this 
sand, only one of which had a small 
Oriskany production. In Harrison County, 
Grant district, a rotary test 10,018 ft. deep 
was drilled through both the Oriskany and 
the White Clinton (Sil.) and failed to find 
commercial production in either of these 
sands (Table 2). In Jackson County, 
various districts, 97 wells were, completed 
to the Oriskany and resulted in 94 gas 
producers and only three dry holes, as 
summarized in Table 3. At the end of the 
year 85 wells were drilling. Average initial 
open flow was 5,800,000 cu. ft. per well 
and rock pressures about 1700 lb. The 
Buttermilk-Sandyville gas pool of Ravens- 
wood and Ripley districts, which had only 
1200 acres of proved territory at the end 
of 1940, increased by about 14,800 acres in 
1941, making the total proved territory 
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TABLE 2.—Important Wildcats Drilled in West Virginia during 1941 : 
Location 
Total 4 
‘ isteri Surface 4 
County a igeriee it ge Formation 
Lat. Long. + 
o } 
= 
Al Boonelettes wane erases dares Crook 5.13 mi. §. of 38° 00’ | 2.49 mi. W. of 81°40’| 2,919 | Pen-Kanawha i 
2 Been awit three teu eae Washington 0.81 mi. S. of 37° 55’ | 4.50 mi. W. of 81° 40’| 2,990 | Pen-Kanawha i 
3} Braxton secu -ittert en ies to Birch 3.12 mi. S. of 38° 40’ | 0.72 mi. W. of 80° 50’| 2,854 | Pen-Conemaugh . 
4) Braxtontti.n a. teisdce eta deere Holly 4.76 mi. S. of 38° 45’ | 0.37 mi. W. of 80° 40’| 2,174 | Pen-Conemaugh 4 
OT Braxtonieetes ots en ete sana ee Otter 2.40 mi. S. of 38° 50’ | 3.73 mi. W. of 80°40’| 2,196 | Pen-Monongahela 
1G] Braxtonl:s.2. Sctaews cs sase ded ele. Salt Lick 5.76 mi. §. of 38° 50’ | 0.71 mi. W. of 80° 30’| 1,917 | Pen-Allegheny H 
?| Braxton vsss..cchen cm reaction, Salt Lick 3.66 mi. 8. of 38° 50’ | 1.72 mi. W. of 80°30’! 4,335 | Pen-Allegheny 
S} Braxton esc. meciodesio ote cane: Salt Lick 1.24 mi. S. of 38° 50’ | 3.35 mi. W. of 80° 40’| 2,090 | Pen-Monongahela 
DU CING ee er eae eae meee ees eter Buffalo 3.85 mi. 8. of 38° 35’ | 3.18 mi. W. of 80°50’| 2,387 | Pen-Conemaugh 
LO Gla gyre Aete eter. e ersten aaa Otter 4.93 mi. 8. of 38° 40’ | 4.17 mi. W. of 80°00} 2,074 Pen-Conemaugh 
PU Gilmer’: Wop cs tos teal ose eee Center 1.73 mi. 8. of 38° 55’ | 4.13 mi. W. of 80° 45’| 2,197 | Pen-Conemaugh 
PAN Gilman oo eghichiac conan ejects ae Glenville 3.11 mi. 8. of 38° 55’ | 1.20 mi. W. of 80° 45’| 2,137 | Pen-Monongahela 
LISS le Ea ae a eae ages ae Grant 0.57 mi. S. of 39° 10’ | 4.29 mi. W. of 80° 15’ | 10,018 | Pen-Conemaugh 
14) Jacksonytsapepss gacptinio na. Ravenswood 3.80 mi. S. of 38° 55’ | 2.60 mi. W. of 81°35’| 5,424 | Perm-Dunkar 
1D Jacksomn ein octet wea Ravenswood 3.95 mi. S. of 39° 00’ | 0.26 mi. W. of 81°35’| 5,170 | Perm-Dunkard 
16 Jackson Sere es, Gre hee Soe Ravenswood 3.29 mi. S. of 39° 00’ | 2.39 mi. W. of 81°35’| 5,001 | Perm-Dunkard 
U7 Jackson | ee Seah cine ne et iarc tere ce Ravenswood 1.69 mi. S. of 38° 55’ | 2.95 mi. W. of 81°35’| 4,988 | Perm-Dunkard 
18) Jackson is aaaeaey wah ela eeoks Ravenswood 0.47 mi. 8. of 38° 55’ | 2.92 mi. W. of 81°35’| 5,361 | Perm-Dunkard 
LO SacksOn. Sem, Sryatern nicer. Ripley 4.11 mi. S. of 38° 45’ | 1.29 mi. W. of 81°40’| 5,280 | Perm-Dunkard 
20\ Jacksons wands 2 coats east ets Ripley 1.53 mi. S. of 38° 50’ | 3.71 mi. W. of 81°35’| 5,210 | Perm-Dunkard 
Dh Jacksons een ceee oe teaeie ote t Ripley 5.31 mi. 8. of 38° 55’ | 3.25 mi. W. of 81°35’| 5,142 | Perm-Dunkard 
2A) JACKEON, act Gs, eee saree eee Ripley 3.03 mi. 8. of 38° 45’ | 4.52 mi. W. of 81° 35’| 5,029 | Perm-Dunkard 
231 SACKHOD crraraletenreicth<s2.cl8 clo tia che Ripley 0.55 mi. 8. of 38° 40’ | 3.72 mi. W. of 81° 35’| 5,228 | Perm-Dunkard 
2A) SARKSOMT nett. aceite aN « Ripley 0.88 mi. S. of 38° 40’ | 0.08 mi. W. of 81°40’! 5,334 | Perm-Dunkard 
25| Jackson ecco tec mire ere ey Ripley 0.20 mi. S. of 38° 40’ | 1.30 mi. W. of 81°40’| 5,333 | Perm-Dunkard 
26 | Jacksolas as ene ot Sac ake bs ae Ripley 2.03 mi. 8. of 38° 40’ | 3.61 mi. W. of 81°35’! 5,049 | Perm-Dunkard 
CTPAGER OMS adekns ae ie cts Ripley 2.56 mi. S. of 38° 50’ | 3.52 mi. W. of 81°35’| 5,176 | Perm-Dunkard 
28|\ Jackson. .nias sees. eked eiekhe Ripley 2.88 mi. 8. of 38° 50’ | 4.53 mi. W. of 81°35’| 5,050 | Perm-Dunkard 
ZO acksoneer sc ael cient os oka sche Ripley 5.42 mi. 8. of 38° 45’ | 4.08 mi. W. of 81°35’| 5,232 | Perm-Dunkard 
60) Jankson ren. 9-20 alee am Washington 3.90 mi. 8. of 38° 40’ | 3.35 mi. W. of 81°30’| 5,332 | Pen-Monongahela 
Ol dapeROn sah eae ce a acute Washington 0.51 mi. 8. of 38° 50’ | 1.44 mi. W. of 81° 35’| 5,183 | Perm-Dunkard 
SC GAURRON GS ee seek en se Washington 0.40 mi. 8. of 38° 45’ | 3.44 mi. W. of 81° 35’| 5,087 | Perm-Dunkard 
88] Kanawha so axiusines ses ds crane: Elk 2.97 mi. 8. of 38° 30’ | 2.01 mi. W. of 81°30’| 6,500 | Pen-Conemaugh 
O4| Kanawha, sarasota «ik aed aes ess Elk 5.23 mi. §. of 38° 25’ | 3.38 mi. W. of 81° 15’| 4,215 | Pen-Kanawha 
Sb|\Kasawha sin ccatar cle oe aan Poca 4.27 mi. S. of 38° 35’ | 1.37 mi. W. of 81°30’| 6,671 | Pen-Conemaugh 
S6| Lowlay rae sh ce ns oeseeh attenne's Freemans Creek | 0.29 mi. S. of 39° 05’ | 1.64 mi. W. of 80°30’| 7,325 | Pen-Conemaugh 
Bi Mason oye Seve ees ee, Lewis 0.08 mi. 8. of 38° 50’ | 0.09 mi. W. of 82° 05’| 3,415 | Pen-Conemaugh 
38) Monongalig..2sy dics par tacdtcwae. Morgan 0.45 mi. 8. of 39° 35’ | 1.19 mi. W. of 79° 50’| 7,684 | L. Mis-Pocono 
DOIN CHOIRS arctan. 2 ba Mer iie eg cree Jefferson 0.04 mi. 5. of 38° 20’ | 4.50 mi. W. of 81°00’| 2,214 | Pen-Kanawha 
40) Putnam.. Curry 0.59 mi. 8. of 38° 25’ | 0.74 mi. W. of 82°00’) 4,070 | Pen-Conemaugh 
41) Putnam... Teays Valley —_| 3.88 mi. 8. of 88° 35’ | 0.19 mi. W. of 82°00’| 2,480 | Perm-Dunkai 
42) Putnam... Union 2.55 mi. S. of 38° 40’ | 2.76 mi. W. of 81° 40’| 5,254 | Perm-Dunkard 
43] Roane... Walton 1.64 mi. S. of 38° 35’ | 3.38 mi. W. of 81° 20’| 5,503 | Pen-Conemaugh 
SA TP avlie atthe noe Te Booths Creek | 2.14 mi. 8. of 39° 25’ | 1.48 mi. W. of 80°05’| 2,505 | Pen-Allegheny 
SDI ANU Mok ha, v althaes arckentohe aie Meade 3.46 mi. 8. of 38° 55’ | 4.14 mi. W. of 80° 10’| 2,128 | Pen-Allegheny 
SON WARING. rasta nasasiannhaet Lincoln 4.81 mi. 8. of 38° 05’ | 3.22 mi. W. of 82° 25’| 2,690 | Pen-Kanawha 
BT WAV TG ey rec slats Beare yore ves OR Lincoln 4.35 mi. 8. of 38° 10’ | 1.68 mi. W. of 82° 25’| 3,298 | Pen-Conemaugh 
MS WRtHELS 5 crusts Wahine toma nislt ees 2.28 mi. 8. of 39° 35’ | 3.65 mi. W. of 80°30’| 2,355 | Perm-Dunkard 
S01 WOOds) Wares ier ation coe-ae sone 5.12 mi. 8. of 39° 15’ | 3.63 mi. W. of 81°30’| 6,297 | Perm-Dunkard 
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TABLE 2.—(Continued) 
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and Glen Roberts 


-Udhr. 224 br. 


76 days. 


333 hr. 448 hr. 568hr. 672 hr. 
87 days. 99 days. 1044 days. 


Initial ‘ 
Production | Tubing 
Deepest per Day Coating 
oe Drilled by Property and Well No. Pres- Remarks 
G sure, 
Oil, ve Lb. per 
2 Bbl. Ou. Ft. Sq. In 
1| L. Mis-Pocono Westmoreland, Inc. Westmoreland, Inc., 1 0 58 2 B how; abandoned 
2| L. Mis-Pocono Westmoreland, Inc. Westmoreland, Inc., 2 0 119 ? hari oa pee abandoned 
3) L. Mis-Pocono South Penn Natural Gas Co.) C. H. Juergens, 1 0 0 0 | Dry through Berea 
4) U. Dev-Catskill Robinson and Weaver A. L. Morrison, 1 0 295 750 | Gordon Stray gas well 
5| L. Mis-Pocono Pittsburgh & W. Va. Gas Co. | Ward Perrine, 1-7805 0 63 ? Big Injun show; abandoned 
6| L. Mis-Pocono Geo. Jackson Gas Co. M. J. Bosley, 1-13 0 0 0 | Dry through Big Injun 
7| U. Dev-Chemung | Pittsburgh & W. Va. Gas Co. | Jessie C. Norman, 1-7750| 0 81 765 | Big Injun and Gordon gas 
: 3 nT 
8} L. Mis-Pocono Pittsburgh & W. Va. Gas Co. | J. B. Reed, et al., 1-7806 0 0 0 rae through Big Injun 
9| L. Mis-Pocono Pittsburgh & W. Va. Gas Co. et eee Goad , et al., 0 0 0 | Dry through Big Injun 
-7818 
10} L. Mis-Pocono Gee ys Oil & Gas Co, Hugh H. Boggs, 1 0 0 0 | Dry through Big Injun 
11} L. Mis-Pocono oe Drilling Co. Elmer Furr, 1-180 0 0 0 Des theoush Big Injun 
12| L. Mis-Pocono H. & L. E. Mosser L. D. Edwards, 1 0 200 340? | Big Injun gas well 
13) Sil-Queenston Hope ‘Natural Gas Co. O. §. Gribble, 2-8517 0 0 0 | Dry through White Clinton 
14| L. Dev-Oriskany | Columbian Carbon Co. F. «Ey Starehen et al., 0 | 16,696 | 1,8107| Oriskany gas well 
. 15| L, Dev-Oriskany | Columbian Carbon Co. F. L. Roliff, et al., 0 0 0 | Oriskany salt water 
16| L. Dev-Oriskany | Joe Rubin H. A.&H.O. Maddox, 1) 5 400 2 Oriskany oil and gas well 
17| L. Dev-Oriskany | Columbian Carbon Co. us hate ereesy, et al., 0 | 15,267 | 1,830°} Oriskany gas well 
—18| L. Dey-Oriskany | Columbian Carbon Co, J. H. Boggess, et al., 1 0 | 4,500 | 1,8601°) Oriskany gas well 
19| L. Dev-Oriskany | United Carbon Co. B. B. Meadows, 1-875 0 455 | 1,7404| Oriskany gas well 
20| L. Dev-Oriskany | United Carbon Co. D. H. Hyre, 1-891 0 | 5,628 | 1,8904} Oriskany gas well 
21| L. Dey-Oriskany | McIntosh & Grimm gery Raines, et al., 0 | 9,980 | 1,8752| Oriskany gas well 
22) L. Dev-Oriskany | United Fuel Gas Co. 4 ence Rogers, et + 0} 7,117 i Oriskany gas well 
23) L. Dev-Oriskany | United Carbon Co. re Perkins, et al., 0 | 5,173 | 1,8305| Oriskany gas well 
24| L. Dev-Oriskany | Godfrey L. Cabot, Inc. J.L. McLean Hrs., 8-972} 0 | 2,150 | 1,8203| Oriskany gas well 
25] L. Dev-Oriskany | Godfrey L. Cabot, Inc. J.L. McLean Hrs., 9-976] 0 0 | Dry through Oriskany 
26| L. Dev-Oriskany | Godfrey L. Cabot, Inc. The Putnam Co., 20-985 0] 8,771 ? Oriskany gas well 
27| L. Dev-Oriskany | United Fuel Gas Co. J. B. Heilman, 1-5029 0} 7,465 | 1,8654| Oriskany gas well 
28| L. Dev-Oriskany | United Carbon Co. Marshall Brown, 1-956 0 | 2,676 | 1,7202} Oriskany gas well 
29| L. Dev-Oriskany | United Carbon Co. P. C. Green, 1-973 0 | 7,556 | 1,8402) Oriskany gas well 
30| L. Dev-Oriskany | Godfrey L. Cabot, Inc. A. C. Good, 1-986 0 700 ? Oriskany gas well 
31] L. Dev-Oriskany | Hope Natural Gas Co. 0. C. Parsons, 1-8586 Ove 20 0 | Oriskany salt water 
32] L. Dev-Oriskany | Columbian Carbon Co. C. W. St archer, 1- 0 | 15,991 | 1,900 | Oriskany gas well 
33] Sil-White Medina | Columbian Carbon Co. Copenhaver Hrs., 1-GW 0 76 651| Oriskany gas well drilled 
327 Epo White Clinton gas 
show 
34! L. Mis-Pocono Delmos Hill O. D. Ht 0 0 0 | Dry through Berea 
35] Sil-White Medina | Columbian Carbon Co. John Price, LGW 434 0 0 0 | Oriskany gas well drilled 
deeper, dry through White 
Clinton 
36| L. Dev-Oriskany | Hope Natural Gas Co. Alfred Woofter, 4-8555 0 474 | 2,3008] Oriskany gas well , 
37| M. Dey-Hamilton | Point Pleasant Oil & Gas Co. a y re Joseph Luns- 0 0 0 | Dry through Brown shale 
ord, 1- 
38] L. Dev-Oriskany | Hope Natural Gas Co. H. C. Greer, et al., 0 100 ? Huntersville Chert gas show 
1-8526 and salt water; Dry in 
Oriskany; abandoned 
39] L. Mis-Pocono Elk River Gas Co. pahel Stevbemet et 0 437 540? | Big Injun gas well 
al, 1- 
40| M. Dev-Marcellus | Monickel Gas Co. Stuart Lakes Inc.,1-M54} 0 219 5006 | Brown shale gas well 
41| L. Mis-Pocono Teavee Oil & Gas, Inc. Ivan Davis, 1-15 0 0 0 | Dry through Berea 
42| L. Dey-Oriskany | West Virginia Gas Corp. C. F. Hill, et al., 1-0-50 0 531 | 1,790 | Oriskany gas well 
43|L. Dev-Oriskany | United Fuel Gas Co. 8. D. Littlepage, 5-5058 0 0 0 | Oriskany salt water 
44| U. Dev-Chemung | Pittsburgh & W. Va.GasCo.| Fannie R. Brightwell, 0 ? 2 Big Injun gas show; drilled 
, 1-6119 throws Warren; aban- 
one 
45] U. Dev-Catskill Cumberland & Allegheny | D. F. Harris, 1-302 0 479 4204] Gordon gas well 
Gas Co. : A 
46| M. Dev-Genesee Owens, Libbey-Owens Gas | Koonce & Zimmerman, 0 732 4104| Big Lime, Big Injun and 
ept. 1-573 Brown-shale gas well 
47| M. Dev-Marcellus Loe Libbey-Owens Gas | Geo. P. Alderson, 1-618 0 24 / prownabele gas show; 
Dept. abandoned 
48} L. Mis-Pocono Carnegie Natural Gas Co. Mike Barr, 6-1565 221 0 0 | Big Injun oil well 
49| Sil-White Medina | Carnegie Natural Gas Co. | C. W. Cook, 1-33 0 0 0 | Dry through White Clinton 
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16,000 acres, covering a north-south dis- 
tance of 13 miles. Three. salt-water wells 
apparently have set an eastern limit but the 
northern, western and southern boundaries 
are still conjectural. There is a good 
prospect that the pool may merge with the 
Elk-Poca Pool on the south, but at the end 
of the year there was an unproved stretch 
of about 4 miles between the two, with 
several wells drilling in the unproved belt. 

In Kanawha County, various districts, 
73 wells were completed through the 
Oriskany, resulting in 68 gas wells and 
five dry holes; and 45 uncompleted 
Oriskany tests were in progress at the end 
of the year (Table 3). Average initial open 
flow was about 2,500,000 cu. ft. per day 
and average initial rock pressure about 
1200 lb. Of the total completions 62 were 
in Poca district. Two Oriskany wells, one 
in Elk and one in Poca district, were 
deepened to the White Clinton sand (Sil.) 
without finding production (Table 2). 

The Elk-Poca gas pool, comprising parts 
of Elk, Poca and Union districts, Kanawha 
County; parts of Ripley and Washington 
districts, Jackson County; and the extreme 
eastern edge of Union district, Putnam 
County, was increased by about 20,000 
proved acres during 1941, making its 
total extent about 80,000 acres. The 
Campbell-Davis Creek gas pool, compris- 
ing parts of Loudon and Malden districts, 
Kanawha County, and the Cooper Creek 
gas pool, including a small portion of 
Elk district, Kanawha County, were both 
inactive during 1941. The four pools, 
Buttermilk-Sandyville, Elk-Poca, Camp- 
bell-Davis Creek, and Cooper Creek, above 
discussed, make up the larger Charleston 
gas field and together contain about 
107,000 acres of proved Oriskany sand 
gas production. Estimates of original 
Oriskany sand gas reserve in this field 
vary from 5,000,000 to 6,000,000 cu. ft. 
per acre, or a total of 535,000,000,000 to 
642,000,000,000 cu. ft. Of this total per- 
haps 350,000,000,000 cu. ft. have already 
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been recovered, leaving a large reserve, 
possibly 250,000,000,000 cu. ft., yet to be 
produced. 

In Lewis County, Freemans Creek dis- 
trict, a successful Oriskany sand wildcat 
(Table 2) was completed by rotary drilling. 
The detailed log has not yet been released 
but trade journals report an initial flow 
of 474,000 cu. ft. and a rock pressure of 
2300 lb. This well is one mile south of 
Freemansburg. 


In Monongalia County, Morgan district, 


an Oriskany test was completed on Deckers 
Creek 6 miles southeast of Morgantown 
(Table 2), but was abandoned as dry. A 
volume of about 100,000 cu. ft. was found 
in the Huntersville chert (L. Dev.), but 
this gas was mostly flooded out by salt 
water, and the Oriskany was reported as dry. 

In Roane County, Walton district, an 
Oriskany test 3 miles northwest of Cotton 
(Table 2) resulted in salt water. 

In Tyler County, Meade district, an 
Oriskany test, Pearl Broadwater 1, by 
Benedum-Trees Oil Co., has been started 
one mile southwest of Falls Mills. 

In Wood County, Steele district, an 
Oriskany test, I. B. Robinson et al., 1-34, 
by Glen W. Roberts, has been started on 
Tygart Creek a mile south of Saulsbury. 
In Tygart district a test through both the 
Oriskany and White Clinton (Sil.) on Sams 
Fork 2 miles southwest of Mineral Wells 
(Table 2) found no commercial production. 


OPERATING TECHNOLOGY 


No radical changes or improvements in 
operating technique are reported for the 
year. Secondary recovery of oil, mostly by 
gas, or combined gas-air, injection, con- 
tinues to be used successfully in various old 
pools. Acidation of oil and gas wells in lime- 
stone formations has produced good results. 


Pree Lines, Compressor STATIONS 
AND MARKETS 


Various gas pipe lines of considerable 
size were built during the year and others 
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of greater extent are projected. In Jackson 
County Columbian Carbon Co. extended 
its line from Goldtown northward 16 miles 
to Ripley. This line is variable in size 
but is reported as equivalent to a 12-in. 
diameter. In the same territory it is 
reported that Gas Transport, Inc., a sub- 
sidiary of Anchor Hocking Glass Corp., 
has under construction a 14 to 18-in. gas 
line from New Era, Jackson County, 
W. Va., northward past Parkersburg, Wood 
County, to Gravel Bank, Washington 
County, Ohio. From Gravel Bank the gas 
will be carried westward through lines of 
Ohio Fuel Gas Co. to Lancaster and other 
Ohio points. The estimated cost is reported 


as about $750,000, exclusive of compression 


equipment. In the same territory, also, 
Hope Natural Gas Co. is reported as 


having built 46 miles of 12-in. gas line 


from Ripely, northward to Waverly, Wood 
County. In Jackson and adjacent counties, 
also, West Virginia Gas Corporation has 
built 32 miles of 6-in., 3 miles of 8-in., and 
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3 miles of to-in. gas transmission lines 
between unspecified points. These various 
lines will be required to handle Oriskany 
sand gas from the Charleston gas field. 

The Owens, Libbey-Owens Gas Depart- 
ment has built 11 miles of r2-in. gas line 
between Brushton and Danville, Boone 
County, and 3 miles of 8-in. line in the vicini- 
ty of Sproul Tunnel, Kanawha County. 

In Braxton County, Pittsburgh and 
West Virginia Gas Co. is reported as 
having built a 12-in. line from Servia 
northeastward 11 miles to the Engel 
farm. In Lewis County the same company 
is said to have built 6 miles of 16-in. line 
from Devaney northeastward to its Skin 
Creek compressor station; and from this 
compressor 11 miles of 6-in. line eastward 
to Lorentz, Upshur County. 

Hope Natural Gas Co. has made surveys 
and applied for priorities to build 800 to 
1000 miles of 20-in. line from the Monroe 
gas field of Louisiana northeastward to its 
Cornwell compressor station near Charles- 


TABLE 3.—Oriskany Sand Wells, Jackson and Kanawha Counties and Adjacent Part 
of Putnam County, W. Va. 


Completed before 1941 Completed in 1941 
Number 
yotal | of Wells 
County and Gas Wells Gas Wells Dent Drilling 
Magisterial | =| «Dry =| Total Dey {Total | Com. | 28 Uate 
District in Num- in Num- | pleted | Porte 
Num- Gas, Oris- | ber of | Num- | Gas Oris- | ber of | Wells | J@2- 1) 
ber of M kany | Wells | ber of M kany | Wells 1942 
Wells | Cu. Ft. Wells | Cu. Ft. 
kson County: 

e Ree. 2 717 fe) 2 Co) (0) to) to) 2 2 
Ravenswood. . 4 9,269 2 6 28 | 166,675 I 20 35 25 
Ripleys: sas, 29 179,945 2 31 56 | 303,661 I 57 88 43 
Washington. . 21 147,743 2 23 10 74,876 I II 34 15 

movalinin oer 56 337,674 6 62 94 | 545,212 3 97 159 85 

Kanawha County: 

: Big Sandy. ‘e (0) to) i I to) 0 Co} to) I Co) 
Cabin Creek. . (0) (0) 3 3 (0) to) (0) (0) 3 fo) 
Charleston. I 88 to) I to) to) Co) fo) I (0) 
Bea Saino eiscecee 90 375,318 10 100 I 38 2 5} 103 I 
Jefferson..... fo) I I to) to) () (0) I (0) 
oudons «a... 8 3,788 5 13 ) e iS e is 9 

Geri. acs 3 73,181 5 40 to) 
eval eye 200 2,171,833 2 268 61 162,489 I 62 330 43 
NWOT opens es us £2 26,131 I 13 5 7,747 t 6 19 Co) 
Washington. . to) (0) 2 2 I 254 I 2 4 I 
Motalie cc. 412 2,650,339 30 442 68 | 170,528 5 ipa) 515 4S 
ates 3 co) te) (0) (9) 2 1,588 (9) 2 2 4 
Grave total......... 468 2,988,013 36 504 164 | 717,328 8 172 676 134 


Se 
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ton, W. Va. An inquiry addressed to the 
company relative to the present status of 
this line brought the following reply: “No 
contract has been let for the building of 
this line and it is not certain whether it 
will be built, depending upon whether 
material will be available.”’ 

West Virginia Gas Corporation has 
built a goo-hp. compressor station, with 
equipment for dehydration and sulphur 
elimination to handle additional Oriskany 
sand gas in the Charleston gas field. 

The price of oil has increased slightly 
during the year. Starting at $1.74 per 
barrel it rose, by small advances, to $2.34 
on June 18. On Aug. 23, a further advance 
of $0.25 was posted but this advance was 
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rescinded by order of the Office of Price 
Administration leaving the price $2.34 at 
the end of the year. Operators contend that 
a considerable price increase must be allowed 
before they can afford to drill for new oil. 

The price or value of gas at the well 
mouth, according to the U. S. Bureau of 
Mines, stood at 12.7¢ per M cu. ft. in 
1939, but decreased to 12.3¢ in 1940. 
Figures are not available for 1941, but the 
price did not change materially from that 
of 1940, although there was much better 
demand. 


CouNTY SUMMARY 


Table 4 shows by counties the new 
development in West Virginia during 1941. 


TABLE 4.—Summary of New Development in West Virginia during 1941 


New Wells Wells Drilled to Deeper Sands 
Oil Wells Gas Wells Production 
County 
Num- Dr Num- ‘ Gas, Dry 
ber of | Num-| Bbl. | Num. | M_ |Holes|ber.of) Oil, | M | Holes 
ee ot a ber of | Cu. Ft. ells =e we 
ells ay Wells | per Day Day per 
Day 
Boone 42 2 33 32 19,622 8 2 te) 380 ° 
Braxtondy v.caseeacentvae 41 t) 0 19 12,039 22 5 o | 10,620 9 
Brooke I 1 I fe} Oo ie) oO oO oO oO 
Cabell. 19 1 25 16 3,319 2 I te) Tai ou 
Calhoun 73 24 452 46 30,029 3 I co) 225} 0 
Clay... 34 7 42 20 16,815 7 I Co) 338} 0 
Doddridge 6 I 12 5 723 te) 7 te) 541 2 
Fayette I °o oO I 68 ro) o re) fo) o 
Gilmer 55 6 29 37 17,731 12 5 5 531 r 
Hancock re) 9 25 () ° i) te) ° te) ° 
Harrison 9 ° ° vi 729 2 I te) 47 oO 
Jackson 101 2 55 94 | 545,198 5 2 Oo | 14,517 to) 
Kanawha 98 9 1,144 82 | 203,137 za o | 9,502) 2 
Lewis. 6 2 a 3 783 I 2 fe) 279 te) 
Lincoln 20 2 17 6,810 Ir 24 fe) 5,322 2 
rime ‘ °o °o 4 1,743 2 f) ° t3) o 
r I 15 2 531 I 8 I 
Marshall. 7 0 0 5 790 2 : : Ben 0 
Mason... 2 (a) (0) I 450 I to) ° te) (9) 
Mingo.... 5 fe) (a) 5 7,312 0 oO ts) to) (0) 
Monongalia 9 to) to) 3 685 6 3 ° 9,100 I 
Nicholas... I te) to) I 437 fe) ro) (0) ae (9) 
Pleasants. 22 10 95 4 940 8 to) fe) (7) ty) 
precns ‘ I i) to) Co) te) I te) f) 0 te) 
miaeees : 53 I 45 46 37,559 6 3 ) 2,543} 9 
itchie. 72 14 107 33 13,517 25 8 ° 746 3 
et 19 6 132 4 1,771 9 Oo o ra) i) 
Tol or 7 (e) re) 5 1,343 a oO oO oO 0 
o “#3 8 4 18 2 2,017 2 oO r0) 0 0 
A EOP, ei ee ttle IRC cor 26 oO oO 20 8,200 6 I 9) 84 0 
were en eis 39 2 6 33 6,908 4 I oO 31 ce) 
Wier POG es 18 2 227 9 ie mle 7 I oO 254) i) 
Wr e Oocn ree 14 4 8 I 100 9 I oO 189 (9) 
ats OAD beh Samer eee pier 10 4 15 I 20 5 I re) (9) T 
State totals... .ts5......<| 838 114 2,606 558 949,226 166 86 9 56,030) 13 
a Sa ee ee as a i eo nl he ee el ee 
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This information is compiled from all 
available sources, including the trade 
journals, the West Virginia Department 
of Mines, the West Virginia Geological 
Survey, the special Plat Service afforded 
by Veleair C. Smith, Management, and 
from private reports. 

The various reports do not altogether 
agree, but Table 4 attempts to reflect a 
careful history of every well that was 
completed in the state in ro4r. 

According to the Department of Mines, 
1078 permits to drill were issued as com- 
pared to 782 in ro4o. Of the 1078 permits 
issued, 709 wells had been reported to the 
‘Department as completed at the end of 
the year. The records of numerous other 
wells, available through weekly trade 
journals, etc., but not yet certified to the 
Department, largely account for the dis- 
crepancies of Table 4 as compared to 
Department figures. 


531 
ACKNOWLEDGMENTS 


The writer is glad to acknowledge help- 
ful information through the year 1941 from 
the following organizations and individuals: 
West Virginia Department of Mines, 
Miss Marie Griffith; West Virginia Geo- 
logical Survey, Mr. R. C. Tucker; Public 
Service Commission of West Virginia, 
Mr. J. Donald Murray; U. S. Bureau of 
Mines, Mr. G. R. Hopkins; Carnegie 
Natural Gas Co., Mr. Dan S. Keenan; 
Columbian Carbon Co., Mr. R. B. Ander- 
son; Godfrey L. Cabot, Inc., Mr. Charles 
Brewer, Jr.; Hope Natural Gas Co., 
Mr. E. H. Tollefson; Owens, Libbey-Owens 
Gas Department, Mr. R. C. Lafferty; 
Veleair C. Smith Management (Plat 
Service), Mr. V. C. Smith; United Fuel 
Gas Co., Mr. A. H. McClain; West 
Virginia Gas Corporation, Mr. J. E. 
Billingsley. Mr. H. F. Johnston, until 
lately assistant to the writer, handled many 
of the statistics on production. 


Petroleum Development in Argentina during 1941 


By Marto L. ViLLa* z 


Durinc the year 1941, there was another 
increase in the production of oil in Argen- 
tina, to which the fields in the Comodoro 
Rivadavia zone in the Territory of Chubut 
and those of the Provinces of Salta and 
Mendoza all contributed. The total produc- 
tion for this period reached 22,013,472 bbl., 
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TABLE 1.—Oil and Gas Production in Argentina 


which represents an increase of 6.8 per cent 
over that of 20,609,538 bbl. in the preced- 
ing year. 
This result is again attributable to the 
Government oil company, the Yacimientos 
Petroliferos Fiscales, which had a total © 
production of 14,006,559 bbl. representing — 
an increase of 1,531,904 bbl., or 12.3 per 
cent over that of the 12,474,655 bbl. of 
the year before. The other companies 


one eee 


Area Proved, | Total Oil Production, Bbl. 


Year 
Field, Territory or Province ae 
E “| on om | Toxaset | Pas 
4 
a 
4 
Comodoro Rivadavia, Chubut 
1 OVO VA, cecke A Bear ettese oss tage taro aba PTR oe aise eae 34 | 11,684 | 990 | 108,288,358 | 4,420,687 
2 DORE TB roles Severs Pescgresncciubuettate okt Soa NEY cee a oa MERA 17 | 12,188 | 690 | 61,122,314 | 10,290,678 
3 LONG: Oy eo inie ens hoe ae abt ci Pawts Sahar Meta SMe CREEL ane PE 25 | 2,930 | 250] 18,191,101 | 1,005,444 
4 ORE Dev thdee tis wh Cactdt wok eae eee CL ee 8 24,361 
Plaza Huincul, Neuquén 
5 OG | rks anette Sec raha an ence hv Grater iecieibe Mads nah chi eee 23 220 120 1,688,642 41,901 
6 LOUD seers a ctituciem' <plaeteaN sachs Je Sis Ria Aine Se en eee 15 1,588 | 370 5,032,966 749,713 
7 (Asi ei ee a Ree An Rare i tee, 4 us eS Der ee 17 590 | 250 9,860,028 258,716 
8 Zone Rata Sep tee Me IRATE ACE Or Lari Ree Cae eet. ce | 40 44,678 
9 Hone :-b:(Loms Negray a wsdscnd cous orale ty ated fea seca 2 25 1,871 
10 Zone Gi(Portewaclo) a? ar wc vtiside fs .acd pitts keebrarecn coe eee oe 1 50 2,010 
11 ons: 7:(Challacd):, s:e’.y cdtatancaaradtcta cee te ee oe 1 50 12,222 
12 Hone 8 (Bonilloga) sac. ee svihea pee geen ee Ne Mad meee eae 2 
Province of Salta 
13 ona Lartagtlitsstrinhecnisnd dvs olrcon th teste ele ne mental eae oni 15 986 5,262,225 614,477 
14 HONG BAN PALO Ste cair asi cay a Oh eHuMak Sot e tie ee eae tear 13 370 10,552,557 696,139 
15 Zone Aguas Blancas, ois 5.4 cqivs vou tsaku waco aco tears 15 50 992,253 76,658 
16 7 ASM A Mag oY Dee ae Oa RR tear ae haa ome | Oana oS 1 
Dee ape roeteai 8 05 261,182 495,608 
17 LONG) CANDO 5 si Sire lara eins Don viens Mico meres on aeons Coa cee 10 360 408,137 54,167 
18 ODE TR PUT PALO ys Gale dest orn Puce Pviccecimictie Oke ainsi aero ates ae 8 565 3,161,374 | 2,930,974 
19 DOGGIE HORTIORAG coca auutesrat «Sie ce an a TeIMee tas Rae ea eae 16 1 
20 GR RAD GUnleh 5 ai ten Lok ete cin Ass core etre are ERO ne ee ae 3 meet per 
21 Zone Lunlunta and: Barrancas, vith. 2 1ecset tines pene amteiomene 3 50 1401545 361,179 
Zeb ee COAL sree de atr.f cle dee wk tialardi owecaaai teri Peak lke Cite eae 31,851 | 2,670 | 225,243,750 | 22,015,658 


+ Footnotes to column heads and explanation of symbols are given on page 250. 
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showed a decrease of 127,593 bbl., or 1.6 
per cent, their production being 8,006,912 
bbl. as compared with 8,134,882 bbl. for the 
year 1940. 

Of the total of 22,013,472 bbl. produced 
in Argentina in 1041, the Comodoro 
Rivadavia zone contributed 15,716,811 
bbl., the Plaza Huincul zone 1,071,237 
bbl., the Province of Salta 3,344,211 bbl., 
and the Province of Mendoza 3,344,211 
barrels. 

Table 3 shows the production by com- 
panies in the Comodoro Rivadavia zone 
for 1940 and 1941, and the change for the 
latter year. The net increase of 740,529 bbl., 
or 4.9 per cent, in this zone was caused by 
additional development within the proven 
areas and by the addition of El Tordillo 
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to the list of producing fields in the latter 
part of the year. 

Three wildcat wells were drilled by the 
Y.P.F. in the Territory of Santa Cruz. 
Well o-2, approximately 35 km. to the 
east-northeast of the town of Las Heras, 
was drilled to a total depth of 1566 meters, 
and abandoned as a dry hole. It entered 
the hard tuffs of the Chubutiano, which 
lie below the productive horizons of the 
Comodoro Rivadavia zone. Well o-8, in a 
faulted zone 30 km. south-southwest of 
the town of Comodoro Rivadavia, was 
drilled to 1578 m. and abandoned without 
the finding of any productive horizons. 
Well 0-9, a short distance from the coast 
and 130 km. south of Comodoro Rivadavia, 
found the top of the flows and tuffs of 


TABLE 1.—(Continued) 


Total Gas Produc- Oil-production | Reservoir Pres- Character 
tion, Millions Number of Oil and/or Gas Wells Methods, End sure, Lb. per of Oil 
Cu. Ft of 1941 Sq. In. 
During 1941 End of 1941 Number of Wells 
Avg yer 
s -P.I. at 
3 To End | During £ Ss a5 ea Initial | at End a 60°F., 
g Sat hale Bs 3 g ae a8 Ey 3 tye 5.2 Weighted ae 
2S 2 ae ie ‘sg ‘8 ey § @@| Average BO 
Ss ee | @ | g | eB) e2/34| — | ge BA Bs 
5 SF Std a eee Pao ee) ae he am 
1 134) gp | 207 
1| 190,731 7,422 | 2,560 89 62 231 |1,824 |] 21 2 x 520 
397 
2 39,811 5,597 940 155 21 70 819 25 5 x { 1,123 PM 242 
85| 57 | 58 | 124 | 387] 34 285 z|SR| 190 
- 11,446 641 7 ? i F 3 oe 
8 109 84 1 1 il 48 2 x £ 307 
a Wirt 2,847 180 14 3 32 129 4 25 1,110 612) SR 354 
7| 9,969 266 | 213 1 5 46 98 | 6 z|SR| 336 
s| 1,624 5 1 1 2 SR| 384 
‘ 1 2 1 2 1,482 x 292 
# 3 1 2 x c 428 
uu 1 1 1,078 x 240 
12 3 1 2 x x 
IB} 7,735 1,619 177 13 2 28 131 10 22 783 576} PM 454 
14 10,641 1,100 45 25 25 726 512 445 
15 6 1 1 5 3 413 328 479 
16 179 598 14 6 1 1 14 ial 3 1,926 1,396) PM 499 
il¢g 40 29 44 1 3 25 1 % z 316 
1 
isi. 788| 679| 21} 1 4 720 % 3,329 | 2,726 333 
14 % & 129 
a 6 2 x € 135 
a il 52 5 5 1 6 6 4,265 4,090 292 
92| 285,114 | 20,859 | 5,104 364 162 564 | 3,534 96 115 25 


a 
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the Serie Porfirftica at 300 m., and was 
abandoned in that series at 407 m. The 
Chubutiano was completely missing. 
Farther south, the Cfa. Ultramar drilled 
its Piedra Clavada No. 1 north of the Rio 
Shehuen and 200 km. west of the town of 
Santa Cruz, to a depth of 1450 m. A large 
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fields. The most important of the latter 
were wells S-145 and V-1, the first 15 km. 


south-southwest of El Trébol pool and the — 


second 22 km. north of that pool, neither 
of which found oil in any of the horizons 
productive in the other fields. 

The oil production in the Plaza Huincul 


’ 


zone, in the Territory of Neuquén, showed — 
a net decrease of 204,577 bbl. or 16 per 
cent of the production of 1940 (Table 4). _ 
Of the wildcat wells drilled by the Y.P.F. 
in the Territory of Neuquén, three were 
productive and two were abandoned as 
dry holes. ‘ 
The well NCN-t1, 16 km. north-northeast — 
of Zapala, was drilled to a depth of 1765 m., 
reaching the upper part of the sandstones 
a 


flow of gas was found in the Lower Cre- 
taceous from 803 to 813 m. This well 
drilled through the flows and tuffs of the 
Serie Porfirftica, finding metamorphosed 
sediments of probable Paleozoic age from 
1290 to 1450 m., at which depth it was 
abandoned. 

In the Territory of Chubut, the Y.P.F. 
drilled a number of wells to extend the 
productive limits of the known pools, and 


also several wildcats in the search for new of the Callovian. Shows of oil were found 


TABLE 1.—(Continued) 


Deepest Zone Tested 


Producing Formation to End of 1941 


Depth, Avg. Ft. 


3 Name Age* > i 4 Name 
E S| 8 | mel Peer |ze|  & Be 
2 & 8 Zone Wells a » 2 3 
a oO & 2s nm aa 
1| Glauconitico y Chubutiano CreU 8 28 { ati { Mae 30 AF Chubutiano 7,751 
2 CreU Sg 25 { rer | rent 36 AF Chubutiano 6,389 
3 CreU 8 28 | 1,640 | 2,130 | 13] AF | Chubuti 
4| Chubutiano CreU 8 20 | 2’s00 | 3'920 | 28] A | Chubutiano 5 e15 
eae i |b tel ae ee 
7 Jur 8 | Por | 2686 | 2'878 | 56| MU | Lidsico 1302 
8 Jur S 18 3,346 3,367, 7 MU jdsico 5,038 
9 Jur S | Por | 3,346 | 3476 | 66 Dogger 3,578 
10 Jur i) Por 2,702 2,811 28 Dogger 3,610 
il a7 8 Jur S | Por | 3,214 | 3,280 | 66 jogger 3,267 
12 | Estratos con dinosaurios CreU 8 Dogger 5,888 
» | § Arenisca superiores Cre 2,13! 
18 | Casto y ondwana Per S-L8 | 12-20 { 2783 { 3008 4 : = bis 
14 | Gondwana y Devonico Per-Dev 8 Por 2,899 2,995 30 A Devénico 3,920 
b. {eee Cre S | 12-22] 4,592 | 4920 | 40] A | Gondwana 5,182 
16 | Terciario Subandino Ter ) Por 4,175 4,376 | 103 A Terciario 6,006 
pe Tri S | Por | 1940 | 3,080 | 13 /{ MUP | Serie porfirition | 4,308 
18 | La Pilona y Ter HG] Port Peo iene [ond eee 7,226 
4 Nadie er CreL CreL ts Pon a 1390 30 ve Serie porfiritica. 8,599 
21 | Potrerills Tri Bf Pork | 7,721 A | Potrerillos 9/479 


ts 
[e) 
© 
i] 
~ 
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at a number of horizons, but all failed to 
produce because of their low permeability. 

Well NM-1, 50 km. northwest of Plaza 
Huincul and 2 km. west of the shallower 
well drilled by the Standard Oil Co. some 
years before, reached a depth of 2782 m., 
making it the second deepest well in 


VILLA ies 
Argentina. After drilling a thick section of 
the Lower Cretaceous, it was abandoned 
in beds believed to be of Jurassic age, 
although this correlation is not certain. 
NL-3, 15 km. west of Plaza Huincul, was 
drilled on the same structure as wells NL-1 
and NL-2, drilled the preceding year, but 


TABLE 2.—Summary of Drilling Operations in Argentina 


Important Wildcats Drilled in 1941 


Total 
Province or Territory Location Well Depth, | Surface Formation 
Meters 
2. | OUST bet Ae Ra Nene aI, a ee ee ad C. Rivadavia 8-145 2.047 | Patagoniano 
0 DOC UTEEE OOk Se, Se n ree C. Rivadavia V-1 1.295 | Patagoniano 
em ATbA eect ee re LOS co gral we ee as oka e Las Heras 0-2 1.566 | Patagoniano 
EMDR SGR TG EUR ERE oil ate cacti cehorsie isc «sie Reet Sn C. Rivadavia (Sud) 0-8 1.578 | Patagoniano 
RIMMPS Hee ONUR MSE hit nie Nac teies corlcis fastens a oon Sean accion Puerto Mazarredo 0-9 407 | Patagoniano 
Co | SEITEN Gra tV3 Saige aSr toe WOR AST BREE O CARE GERRI eae Mata Amarilla PC-1 1.450 | Tertiary, 

BRCM PE U UCT er pons ore see IGE v scapeucie ead, con Sina gH ysl aire Covunco Centro NCN-1 1.765 | Lower Cretaceous 
ANNE CTHRON MN trey et hay Bonn hn AR teehee ade Paso de los Indios NM-1 2.782 | Upper Cretaceous 
J) RCCL EER Sate S AME Mots GRO ee RE RCOCTE eee ae eee Portezuelos NJ-1 1.100 | Upper Cretaceous 

MOMIPNOHEMGHIte Mitt ctta th cas cine ite cee see oetasiee chalk Challacé NA-4 996 | Upper Cretaceous 

TEP USER Us ea ae SRR en ee er Rio Pescado AM-2 1.292 | Tertiary 

LON RO EEL eee at gee aner th cigte tote visto) sens Sie ponkasete Siaceachontetye Uusyor star San Pedro de Jujuy 8-2 1.351 | Tertiary 

TEES ECTS. a ae eee iar, Bape gine ERE mee rs eae Ranquil-Cé ; PP-1 948 | Upper Cretaceous 

MEME DRUG AME Seattle rar, a wis ws via Soto imbibe daue/etiris Tupungato Refugio TR-1 2.250 | Pliocene 

HO MPNLONGOU At eRe iets «She wine aoe teers tas aden a ete as Lunlunta Carrizal LC-1 2.896 | Pliocene 


Important Wildcats Drilled in 1941 


Initial Production per Day Choke eatin. 
Hori ¢ or Bean 2 ta 
See? ia ecg! en ood semaths 
Oil, U.S. Gas, Millions of an Inc! : : 
Barrels Cu. Ft. Casing | Tubing 
1 | Chubutiano ¥7 Pi Dry hole 
2 | Chubutiano Nore at Dry hole 
3 | Chubutiano ve Gay Dry hole 
4 | Chubutiano VGN Dry hole 
5 | Serie Porfiritica | Y. P. F if Dry hole 
6 | Triassic Ultramar with 98% COz Abandoned 
7 | Jurassic ene ieee Dry hole | 
8 | Jurassic VP ee: Dry hole 
9 ici i gy xy 
10 er pies an 
11 Tertiary NERY, Dry hole 
12 | Silurian Ultramar eM 
13 Upper Jurassic We i 4 uspende 
is Troste ¥. P.F Not completely tested 


Number of wells drilling Dec. 31, 1941............-...-... 
Humber of oil wells completed during 1941................. 


Number of gas wells completed during 1941 


Number of dry holes completed during 1941................ 


In Proven Fields | Wildcats 


Bes Secs eC oe a 36 16 
Bdnd Sanna meen crn 263 38 

8 3 
eran wert CT cayasis 30 22 
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214 km. east of them. It obtained an 
initial production of 22 cu. m. of oil in the 
same horizon that produces at Plaza 
Huincul, but it has not been produced 
because of its high gas-oil ratio. 


TABLE 3.—Production in Comodoro 
Rivadavia Zone 


BARRELS 
re In In Differ 
ompany 1940 1941 ence 
Yo)P. Miscaless 205 - 8,469,730| 9,137,697| +667,967 
Ferrocarrilera...... 047,500 959,929] + 12,429 
Industrial y Comer- 

Cial Meera - 234,743] . 254,532] + 19,789 
Diadema .joi6 os oc 4,203,833] 4,235,227| + 31,394 
A SULA Sees,.poeatnrvestule 898,833) 923,234) + 25,116 
SOlAHa senator 222,358 206,192] — 16,166 

Total yeeetiras.<: 14,976,282|15,716,811| +740,529 


eee 


In the Portezuelo zone, 30 km. west- 
northwest of Plaza Huincul, well NJ-1 was 
drilled on a seismograph structure. It 
found oil, gas and water at a depth of 
832 m. in beds that are probably of the 
same stratigraphic position as the produc- 
ing horizons of Plaza Huincul. Drilling 
was continued to 1100 m., with the dis- 
covery of three important gas sands. 


TABLE 4.—Production in Plaza Huincul 


Zone. 
BARRELS 
In In Differ- 
Company 1940 1041 ence 

Y. P. Fiscales........| 675,414] 549,827] —125,587 
Standard Oil Co...... 197,437] 177,114| — 20,323 

Compafiia “La Re- 
Pubitea a... ewe 402,063} 344,206] — 58,667 
Total ise cme sunt a. 1,275,814|1,071,237| — 204,577 


On the basis of seismograph studies, well 
NA-4 was drilled 5 km. southeast of the 
station of Challacé, 25 km. east-southeast 
of Plaza Huincul, resulting in the most 
important discovery in the Plaza Huincul 
zone. The producing sand was found at 
984 m., and after a penetration of 12 m. 
gave an initial production of 170 cu. 
meters. 
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The exploration of the Senillosa area was — 


continued with the drilling of NS-4 to a 


depth of 1795 m. Good shows of oil were 


found in the Lower Cretaceous, but nothing 
was found in the Dogger. 
The production of oil in the Province of 


Salta (Table 5) during the year of 1941 


amounted to 1,881,213 bbl., which repre- 
sents an increase of 35,236 bbl. (1.9 per 
cent) over that of the preceding year. 


TABLE 5.—Production in Province of Salta — 


BARRELS 
c In In Differ- 
ompany: 1940 1941 ence 


818,046} 978,038} +159,092 
1,027,931} 903,175] —124,756 


1,845,977|1,881,213] + 35,136 


In that Province, the work of the Govern- 
ment company, the Y.P.F., resulted in 
important extensions of the productive 
areas of the Tranquitas and Rio Pescado 
fields. Well AM-4, 3 km. north of the Rio 
Pescado field, was drilled to a depth of 
1292 m., and abandoned as a dry hole. 

The Cia. Ultramar drilled its Saladillo 
No. 2, a short distance west of the town 
of San Pedro in the Province of Jujuy, and 
abandoned it after reaching a depth of 
1351 m. in beds of Silurian age. 

In the Province of Mendoza during the 
year 1941, another considerable increase 
in production was obtained over that of 
the preceding year. The total was 3,344,211 
bbl., an increase of 44.4 per cent-over the 
2,315,047 bbl. of 1940. It should be noted 
that virtually all of the production was 
obtained from the fields of the Y.P.F., as 
the 3210 bbl. of the Cfa. Atuel came from 
tests made near the end of the year on 
wells that had been shut down for several 
years. 

The Government company drilled wells 
in the Tupungato, Lunlunta and Barrancas 
fields during 1941, which extended their 
productive limits. 
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Drilling was completed on the explora- 
tion well LC-1, on the Carrizal structure, 
12 km. south-southeast of L-3, the dis- 
covery well of the Barrancas field. It 
reached a depth of 2896 m., or the deepest 
in Argentina. No oil was found in the 
horizons that are productive in Lunlunta 
or Barrancas, but shows of oil were noted at 
higher levels, which have not yet been tested. 

The exploration well TR-1 on the 
Refugio structure, 3 km. northwest of the 
center of the Tupungato field, was drilled 
to a depth of 2250 m., finding oil in the beds 
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that are productive at Tupungato, with an 
initial production of 15 cu. meters. 

In the south of the Province of Mendoza, 
well PP-1 was drilled on the surface struc- 
ture of Pampa Palauco. Dry gas was found 
in various beds of the Estratos con Dino- 
saurios (Upper Cretaceous) and Lower 
Cretaceous, the largest volume recorded 
being 620,000 cu. m. per day and the high- 
est pressure 213 lb. per sq. in. Numerous 
shows of oil were noted, and some beds 
of the upper part of the Jurassic produced 
small quantities of a very heavy oil. 


Drilling and Producing Activities in Brazil 


By J. E. BRANTLY,* MEMBER A.I.M.E. 


In October 19309, a drilling program was 
commenced on the Atlantic seaboard of 
Brazil, with three steam rotary rigs of 
medium capacity. One of these was 
assigned to the State of Alagéas and the 
other two to the State of Bahia. During 
the remaining few months of 1939 and 
during the year 1940, some eight wells 
were drilled, two in Alagéas and six in 
Bahia. Two small producers were found in 
the latter state. 

In early 1941 three medium-weight 
Diesel rigs were added to the equipment, 
thus permitting the drilling of some 15 wells 
during the year 1941. 

The two small producers found in 1940 
in the State of Bahia were near the city of 
Sao Salvador. In 1941 three additional 

Manuscript received at the office of the Institute 
Feb. 4, 1942 


1942. 
* Drilling and Exploration Company, Inc., Dallas, 
Texas. 


small wells were brought in, in the same 
area, and a further producer on an isolated 
structure some 75 km. to the northwest of 
this production. No commercial production 
has been found in the State of Alagdas. 
Approximately 26 wells have been drilled 
or are drilling, six of which are producers— 
five in one area and one in another. 

The program for 1942 calls for the 
development of the two areas in which 
wells have been found and also the drilling 
of several wildcat structures located either 
by geophysics or surface geology. 


All production in the area of the several 
. producing wells is somewhat less than 


2000 ft. and in the other area about 3800 ft. 
The area of the several wells is known as 
the Lobato field, and is practically within 
the city limits of Sao Salvador. The area 
75 km. northwest of the city will be known 
as the Candeias field. 
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Petroleum Developments in Canada in 1941 


By G. S. Humr* 


THE largest development program in the 
history of Alberta was undertaken in 1941 
in an effort to increase oil production. The 
drilling record is as follows: 


Drilling, Ft. 
Field 

In 1940 In 1941 

Mammen Valley c<.s56 ies nyere 296,832 376,676 
Other oil fields... ..05....%. 23,448 51,824 
Gasidevelopment.. «2.8 20% I,045 16,123 
HexplLoratiOn , «eh sklss. ses ¢ 48,779 46,176 
MOPS rE. see cotati e aches < 370,104 A91,339 


In Alberta there was the largest explora- 
tory campaign for oil in the history of the 
Province, although drilling of wildcat wells 
was somewhat less than in the previous 
year. A great deal of geophysical work was 
done. This included three gravimetric and 
five seismic parties as well as a number of 
geological survey parties by the major oil 
companies and by the Geological Survey 


‘TABLE 1.—Production® of Petroleum in 


Canada 
BARRELS 
Province I940 to41b 
New Brunswick.......... 22,167 22,332 
(Chan Zig loen, Soe ere ee wo oe 187,644 160,000 
PAI Dentaes incest: Sal cleceis. ane 8,362,203 9,928,162 
- Northwest Territories.... 18,633 14,119 
Saskatchewan..........- 331 

EN Ot alicres oy autte ator Tose. ehe,e 8,590,978| 10,124,613 
Wallinciea fo Senin 6. cenreeeo te $11,160,213] $14,217,424 


a[—nformation from the Dominion Bureau of 
Statistics, Ottawa, is based on sales and hence does 
not exactly correspond with actual production. 

+ Preliminary figures. 


Manuscript received at the office of the Institute 
March II, 1942. 

* Bureau of Geology and_Topography, Canada 
Department of Mines and Resources, Mines and 
Geology Branch, Ottawa, Ont., Canada. 
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of Canada. Seismic work was done by one 
party in southern Saskatchewan. 

The production of petroleum in Canada 
is shown in Table 1. About 98 per cent of 
the total production comes from Alberta 
and the yield of the various fields is shown 
in Table 2. 


TABLE 2.—Production* of Petroleum in 
Alberta 


BaRRELS 


Turner Valley I940 IQ4I 


Ou WELSH cee chak.cel ne es 8,142,626] 9,504,111 
Gasiwellsan,. ans cotta ne ts 30,390 27,006 
Shallow oil wells (Cretaceous) . 7,309 6,014 
Natural gasoline). (0.0... 3... 274,172] -203,122 


Total Turner Valley........ 8,454,497] 9,830,343 


4[nformation from F. K. Beach, Petroleum and 
Natural Gas Conservation Board, Alberta. 


Num- Num- 
ber of ber of 
Field Pro- I940 Pro- I941 
ducing ducing 
Wells Wells 
Red Coulee.... 7 12,177 7 I1,626 
Wainwright.... 4 7,527 6 11,733 
Miscellaneous 
1} bey eta 2 4,746 2, 2,804 
Lloydminster 2 1,648 I 416 
Vermilion... . 3 10,817 8 22,051 
Del Bonita... a 3,444 2 4,393 
Taber. sicas< (0) ° I 5,600 
Princéss.x. ws. fe) 2 19,587 
Moose Moun- 
Walnscmrente I 351 (0) 
Turner Valley. . 8,454,497 9,830,343 
Total for Al- 
Satinadtao 8,495,207 9,908,643 


ee eee 
TURNER VALLEY 


The greatest developments in Turner 
Valley have been in the north end. In 1941 
about two miles of new productive area 
was proved by drilling, extending the field 
to a length of 20 miles. The wells at the 
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TABLE 3.—Production® of Natural Gas 
in Canada 
THOUSANDS OF CuBIC FEET 


Province 1940 1941? 

New Brunswick.......... 616,041 610,393 
Oataric lh Jactiyc cs oe sien 13,053,403} 12,131,895 
Manitobaceanacancteat 600 
Saskatchewan........... 100,773 105,328 
Alberta........ Sdhet eel ara 27,459,808] 26,365,770 
Northwest Territories.... 1,500 

Total o s.arcte heuantoe tke ies 41,232,125] 39,213,386 

Values aattieasios teak ers $13,000,593] $12,356,067 


4 Information from Dominion Bureau of Statistics, 
Ottawa. | 
6 Preliminary. 


north end of the field are very productive 
in comparison with moderately productive 
wells at the south end and less produc- 
tive wells in the central area. In part of the 
central area the porosity has been mainly 
confined to one zone in the upper part of 
the Paleozoic limestone, whereas at both 
the south and north ends of the field there 
are two porous zones. In parts of the central 
zone even the one porous zone is compara- 
tively tight; some nonproductive wells have 
been drilled within what would ordinarily 
be considered proven territory and some 
other wells obtained only small yields by 
intensive acidization. The large productive 
capacity of the wells at the north end of 
the field may be partly due to fracturing 
of the limestone reservoir rock as well as 
to high porosity. A few small faults have 
been encountered in the limestone, which 
mostly is free from faults in other parts 
of the field. The limits of the field are 
defined on the east by a major thrust 
fault, which cuts off the gas cap; on the 
south by the southward plunging end and 
on the west by the water line at an eleva- 
tion of 4100 to 4500 ft. below sea level. 
The water-oil line is at a lower elevation 
in the upper porous zone than it is in the 
lower porous zone and as a consequence 
production of oil on the west flank of the 
structure is secured farther west—i.e., 
down the dip—in the upper porous zone 
than in the lower porous zone. The north 
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end of the field is not yet defined, but 
owing to the large yields in the more 
northerly wells an extensive campaign of 
wildcat drilling along the assumed strike of 
the field has been undertaken for 12 miles 
north of the most northerly producing 


well. It is thought that the limestone fault — 


block that constitutes the Turner Valley 
field continues northwestward through 
this area where drilling is being done. The 
success of the wells, however, will be 


dependent on the depth at which the © 
limestone can be reached. The most — 
northerly productive well, Atlas British — 


Dominion No. 2 (completed Feb. 1, 1942) 


reached the top of the Paleozoic limestone | 


at an elevation of 4138 ft. below sea level, 
presumably less than a couple of hundred 
feet above the water-oil line in the lower 
porous zone. In the northerly part of the 
north end of the productive area, the 
north plunge is very slight, if any, but 
5 miles northwest the surface northwest 
plunge is very marked. The width of the 
field in this north end is not yet precisely 
determined. The oil-water line on the west 
is approximately known but on the east 
the position of the fault, which farther 
southeast cuts off the east side of the field, 
has not yet been determined. The present 
known width in the north end is about 
1¢ mile across the strike. 


OTHER FOOTHILLS AREAS 


Grease Creek Area——A second well is 
being drilled in the Grease Creek area, 
which is about midway between the Bow 
and Red Deer Rivers. The first well in this 
area was abandoned on account of mechan- 
ical difficulties, at a depth of 7orr ft. The 
structure is a sharply folded and faulted 
anticline and the prospects for oil and gas 
are dependent on whether or not the 
Paleozoic limestone is included in the fold 
above a major thrust fault. 

Clearwater Area.—The Clearwater anti- 
cline lies northwest of Grease Creek and is 


ee 


ee ee er ane eeneinnetiannennmnianlil 


G. S. HUME 


a Paleozoic limestone outlier in which 
drilling commenced in the Mississippian 
and continued into the Devonian lime- 
stones. In the first well shows of oil were 
encountered and the well was abandoned 
at a depth of 3052 ft. Some shows of oil 
and gas were also encountered in the 
second well between 1300 and 1400 ft. in 
depth. The well was continued to a depth 
of 3004 feet. 

Ram River Area—This is the north 
continuation of the Clearwater limestone 
outlier. A first well on the structure en- 
countered a major fault at a depth of 
approximately 1200 ft. and passed from 
Devonian into Upper Cretaceous strata. 
_A second well farther west is now drilling 
and at the end of 1941 had reached a depth 
of 3356 ft., with some oil shows reported. 

Moose Mountain Area—Moose Moun- 
tain is a limestone outlier about 45 miles 
west of Calgary. A test in this area was 
completed by McColl-Frontenac Oil Co. 
in‘1941, at a depth of 5200 ft. The well 
commenced near the base of the Mississip- 
pian and passed through the Devonian 
into Cambrian strata. Although shows of 
gas occurred, the well was noncommercial. 
Two wells in the central part of Moose 
Mountain previously drilled to much 
shallower depths gave oil and gas, and oil 
from the Devonian was produced from 
one of these for some time. 

Maxmont Well, Lundbreck Area.—This 
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well is in the southern foothills northwest 
of Lundbreck, in the Crow’s Nest Pass 
area. The well has been drilled with cable 
tools, and at the end of the year had 
reached a depth of 9080 ft., a record for 
cable-tool drilling in Canada. Some shows 
of oil have been encountered. 


PLAINS AREAS 


Princess—The Princess, or Steveville, 
area is 100 miles east of Calgary. Opera- 
tions including geological and geophysical 
surveys and drilling have been continued 
for some years by various companies but 
drilling in 1941 was done mainly by the 
Standard Oil Co. of B.C. A number of 
wells have been found to contain gas and 
several have obtained substantial shows of 
oil, but in only two,—namely, Princess 
Nos. 2 and 6—have commercial yields of 
oil been found. In Princess No. 2 well the 
oil occurs in the upper part of the Paleozoic 
limestone, whereas in Princess No. 6 well, 
which was completed in December 1941, 
it is in the Sunburst sand at the base of the 
Lower Cretaceous. 

Brooks-Tilley Area.—To the southwest 
of the Princess area, the Northwest Com- 
pany commenced a well near Brooks in 
October 1941. The well was completed 
early in 1942 without production. The 
operations are to be continued in the 
Brooks-Tilley area in 1942. The locations 


TABLE 4.—Oil and Gas Production in Turner Valley, Alberta, Canada" 


Total Gas Pro- 
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ue’, Production’ Bbl. ese Elio Wells 
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are being made from the results of exten- 
sive seismic work done in 1941. 

Blood Indian Reserve-—In 1941 the 
Northwest Company completed one well 
on the Blood Indian Reserve, southwest 
of Lethbridge, and drilled a second. The 
first well, completed at 8282 ft., tested 
both the Mississippian and Devonian, 
whereas the second well reached the top 
of the Mississippian limestone at a depth 
of 6030 ft. and was completed at 6074 ft. 
Both wells encountered water with only 
shows of gas and oil. The structure on the 
Blood Indian Reserve was determined by 
seismograph. The structure tested by No. 1 
well was apparently the continuation of the 
Del Bonita-Spring Coulee trend on the 
northward-plunging Sweet Grass arch. It 
was shown by the seismic work to be 
separated from the Spring Coulee anti- 
cline by a saddle at least 150 ft. deep. The 
fact that it did not yield oil or gas was very 
disappointing, since so many wells in other 
parts of southern Alberta have given such 
good shows where the structure is known 
to have been much less favorable. 

Borradaile Field, Vermilion Area.—The 
Vermilion area is 130 miles east of Edmon- 
ton. A number of wells have been drilled 
-on what is known as the Battleview anti- 
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cline and both gas and oil’ have been 
found. The most extensive development 
has been at Borradaile, about 6 miles east 
of Vermilion. The first well in this area, 
finished at 1858 ft., was placed on the 


pump on May 13, 1940. To the end of — 


1941 it ‘produced 16,267 bbl. of oil 


of 14° to 15° A.P.I. The oil is in a sand ~ 
in Lower Cretaceous beds. To date there — 
have been 16 wells drilled in this field, of — 


r 


| 


' 


which seven were drilled in 1941. Eight 


wells are now being pumped. The oil is 
treated to remove silt and a small amount : 
of emulsion, and is being shipped for fuel — 


for the Canadian National Railroad. 

Pouce Coupe - Peace River Area—The 
Guardian well at Pouce Coupe was con- 
tinued in 1941 and reached a depth of 
6896 ft. About 2000 ft. of Triassic beds 
were penetrated and the well is now in 
Paleozoic strata. As previously reported, 
shows of oil occurred in the Triassic. About 
80 miles to the west of this well, Pine 
River No. 1 well, at the mouth of Comnio- 
tion Creek, in the Foothills belt, has been 
continued to a depth of more than 5500 ft. 
with the well still in Lower Cretaceous 
rocks. 

Athabaska Bituminous Sands.—The plant 
of Abasand on Horse Creek, near Mc- 
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1 Information from F. K. Beach, Conservation Board, Alberta. 
2 In addition two wells were drilled and abandoned on ape edge of the field. 


3 Variable in different parts of the field. 


4 Combined thickness of two porous zones 120 to 150 fect. 
5 Structure anticlinal on east edge of a faultblock. 
5 McLeod No. 4 well faulted to Upper Cretaceous below Mississippian beds. 
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Murray, 300 miles north of Edmonton, was 
in commercial production in roqt. For 
several years experiments have been carried 
on under the supervision of Max W. Ball, 
and although many difficulties have been 
met, those connected with the mining 
of the bituminous sand and the extraction 
of the bitumen from it have been success- 
fully overcome. From May until October, 
21,713 tons of sand were mined, from which 
19,519 bbl. of bitumen were extracted. 
This bitumen yielded 1142 bbl. of gasoline 
and 4rgo bbl. of Diesel and burner oil, 
which was used mainly by the mine of 
Consolidated Mining and Smelting Co. on 
Lake Athabaska. In November, the oper- 
_ations at Abasand were interrupted by a 
fire in the extraction plant but the loss is 
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being replaced by new equipment and it is 
probable the plant will again be in oper- 
ation in 1942. 


ONTARIO 


Explorations have continued in the 
southwestern peninsula of Ontario, mainly 
in the search for natural gas. Some geo- 
physical work was undertaken in 1941. 
Drilling was continued in the known gas 
fields, particularly in the Malahide field of 
Elgin County, and although new explora- 
tory wells did not open any new fields, 
individual wells were successful in dis- 
covering locally high areas on the top of 
the Guelph (Silurian) formation, in the 
upper part of which a productive gas 
zone occurs. 


Petroleum Developments in Mexico during 1941 


By Tuomas R. ARMSTRONG* 


Torat crude oil production in Mexico mately 41,000,000 bbl.; a daily average of 
in the year 1941 is estimated at approxi- 112,700 bbl. and a decrease of about 5 per 
re Tete , cent as compared with the daily average 

Manuscript received at the office of the Institute A : 
Feb. 4, 1942. of 120,000 bbl. produced in the year 1940, 

5 : 

Ne Ay Oil Company of New Jersey, New York, and nearly It per cent dectesseiasncerae 


TaBLE 1.—Oil and Gas Production in the Republic of Mexico 


Avon, Total Gas 2 
Proved Total Oil Production, | Production, Number of Oil and/or 
Neves Bbl. Millions Gas Wells 
Cu. Ft. 
Year 
are af During 1941| End of 1941 
cov- 
y ery A Oe 
g Oil To End of During | To End of | 83 ~ |2Ee 
I 19411 19411 1941 | yS| BY} S lesley 
= 8 = |s8\2P | 
Z 23| 2 | 3 (aelg.le 
: Fa| & | 2 |sa(es(ee 
a <) oO | 3 [eV ld 
dei Northernaccn< ac ruetinores 1901 | 350,000 757,867,000} 5,658,000 y 1,622 3 y |150 | 509 
BM SOMENORTOE He ts cae telce.iseie 1910 21,500 | 1,032,850,000| 5,107,000 7] 586 0 y | 94) 168 
Be POs RiGaie vets vaenlen ates 1930 14,500 148,844,000] 24,406,000 7] 40 3 y 2 34 
4 |Isthmus of Tehuantepec....... 1909 10,000y | 117,291,000) 5,956,000 v 366) 7 y | 35y| 190 
5 |Northern Mexieo............. 1931 5,000y 0 7] 16 1 y l6y 
6 401,000 | 2,056,852,000| 41,127,000 2,630) 14 281 | 901) 16y 


¢ Footnotes to column heads and explanation of symbols are given on page 250. 
1 November and December estimated. 


neste sv 7 
il-production essure, ‘haracter . F 
Methods, End of 1941| Lb. per of Oil Producing Formation 
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a) 
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Number of Wells 3 
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2 A 
ih a 
1 509 0 Tamasopa limestone AF2 
2 168 0 El Abra limestone AFs 
3 34 0 Tam-Abra limestone A‘ 
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2 Producing from fractures in nonporous limestone. 
§ Producing from porous (reef phase) limestone. » 
‘ Producing from porous zone 500 ft. + below top of Mid-Cretaceous. 

5 Producing from chiefly Miocene with some Oligocene sands. 
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TABLE 2.— Estimated Daily Average Mexican Production 
U. S. BARRELS or 42 GALLONS 


Area ; Total to End 
1937 1939 1940 IO4I of 1041 
NGPA CLS Gels ab. eae, ee on a Ete 26,867 I5,112 16,907 15,501 757,867,000 
SO tA ai Gee dares ARIE ae eek ite alee ae 22,718 12,672 10,301 13,992 | 1,032,850,000 
PAOZAIRIC An Cott AE ae ers cooned he, Gash leasesy: 51,053 72,115 77,481 66,866 148,844,000 
iGolHchaat CC Bee ea i Pek, 28 CS ae ae ee ee 27,281 17,304 15,293 16,318 117,291,000 
BUOLALKG atl Wea VETARS a5 iin: ais ne eles a coe 127,919 117,203 119,982 T2677 
“gov ENTE 5 Sits Ges Otc se 46,690,000 | 42,779,000 | 43,914,000 | 41,127,000 | 2,056,852,000 
TABLE 3.—Exports of Crude and Products from Mexico 
U. S. BARRELS OF 42 GALLONS 
Classification 1939 1940 IQ414 
ROA RIPUSOUC LI CG Pater ein hs LN ecu Gees. Seslgmintia cis ® 4,227,000 2,417,000 1,280,000 
DOMUe MGI Ge omen eRe Scie go et ga etiam Wee nde | 241,000 I,124,000 1,760,000 
Pee ROR EI ee he aa ota s Mee ietnialty blade FS 7,071,000 II,073,000 5,650,000 
RUT eaR ES CER EG Dane 1c, sre ties oR Nore che PRR 2 a an 803,000 te) to) 
Pate OU aesate co mn Marche nc fala oblate newt la 9) s/aterilyMials uciwys a 2,089,000 I,340,000 3,330,000 
AS RO Ucn re as Yeeeah ge cuca mare Ree aie ay weaned 1,626,000 2,817,000 2,120,000 
CHAGAS ene eee a nae ee oe 1,488,000 455,000 1,280,000 
ROSE TC PNET, STEN hire Mee a, oe Ee ata | econ d! achingwa 42,000 269,000 130,000 
PRTOmeCA DL Ge ermine Med tchkl <b ecg ici Rea the che lSlan's 2,000 1,000 ° 
PAC SEU LU ER AAS teenagers Sache Seu ctertie cease nl care = & 481,000 516,000 390,000 
Ota ye ee poe east aah edie wane FERNY cee ocr Cire 18,070,000 20,012,000 15,940,000 
Syn cere tel lOllc pie mdi). vale suet gratis stacbateubree » & 833,000 505,000 310,000 
RG SISE Us cepeie eet A eR Ree Pens Nie Neo fis amine iarsraueus ares 157,000 37,000 (0) 
DESTINATION OF Exports, PERCENTAGE OF TOTAL 
Destination 1939 1940 IQ414 
Mipeted asta tesserae abide: «eau atuele Gebietes rials = + 30).2 78.6 87.5 
iLrutigy WaXtie Otte (Areata amas eS on oe athe cise gee De Dons 
JORGRO LOS nos Oe Coe re aoe ee eee Nee et a Meer ome 64.0 15.3 (0) 
MIATA ee fo te fea teiele «Sears ia TS pieie Sekt wr es alee. 1.0 3.8 to) 
RO CTSNet BE cB AN ceed So coders eed Societe Sta ns! CELE gts: 5 2.6 0.9 0.2 
EDetisilen HORS 5 dha TUF ARS C5 auch 5 Ci mORen ae eR er ane Ca ee eee 100.0 100.0 100.0 


FIGURES COMPILED FROM THE OFFICIAL Revista de Estadistica FOR DECEMBER 1941 


January—July 1940 January-July 1941 
Classification : 
Barrels Value in ‘Ace Barrels Value in Ave 
Exported Pesos &. Exported Pesos : 
Bieter des ak Uh.n latch test 2s WG Stade: ode 6,852,000] 29,414,000 4.29 3,969,000] 12,509,000 bom ay 
eaVyACt ade ses: wit os cent me ke 1,598,000] 5,500,000 3-44 561,000] 1,606,000 2.86 
Ue OM awn ce et anldetens tlc laleleenen 1,431,000] 6,493,000 4.54 2,331,000} 6,121,000 2.63 
(COnIG) Cont eect tans a ei Me pater wens a ts I,107,000] 10,127,000 Omnis 353,000] 1,700,000 4.82 
NS SOL er ad sek baci anya PhS tues 159,000] 1,615,000} 10.16 517,000| 2,832,000 5.48 
12g =F a Te wee aeons a 522,000] 3,624,000 6.94 1,078,000] 6,068,000 5.63 
INGEST DRAM Re oo chet 8 cat 0 ae aes ae ene a 367,000] 3,020,000 8.23 165,000 962,000 5.83 
Gn AE Nea ee EAs a ate at a ae 12,036,000] 59,793,000 4.97 8,974,000] 31,798,000 3-54 
$0. 863 $0.727 
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pared with the year 1937. A comparison 
of daily average production is given in 
Table 2. 


DRILLING 


During the past year, 28 wells were 
called completions in Mexico, of which six 
were considered abandoned because there 
had been no activity for two or three years. 
Fourteen producers were completed, three 
in the Northern district, three in Poza 
Rica, and eight in the Isthmus of Tehuan- 
tepec. At the end of 1941, six wells were 
reported drilling, nine were classed as 
‘operations temporarily suspended,” and 
there were nine active locations. 


REFINING 


Detailed figures on refining activities are 
not available. The effects of not having 
made major repairs in four years of oper- 
ation, coupled with the fact that the plants 
have been under the supervision of com- 
paratively nontechnical operators, are 
reflected in the present status of refining 
operations. Refined gasoline output under 
private administration in 1937 amounted 
to 7,235,000 bbl., of which 4,400,000 bbl. 
were exported. In 1941, although there 
was a sufficient supply of crude oil, refined 
gasoline output is not expected to exceed 
4,100,000 bbl., and it was necessary to 
import about 500,000 bbl. to meet domestic 
consumption. 

With constantly decreasing output and 
increasing demand, it is more than prob- 
able that Mexico will be forced to import 
about 1,000,000 bbl. of refined gasoline 
during 1942. 


Exports 


Exports suffered a 20 per cent decline 
over 1940. The total of almost 16,000,000 
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bbl., consisting of approximately 50 per 
cent crude and 50 per cent refined products, 
should compare with the 1937 figure of 
24,500,000 bbl., of which about 70 per cent 
was refined products. Table 3 shows the 
exports of crude and petroleum products 
from Mexico for 3 years. The 1941 data are 
estimated, since figures have not been 
published for the complete year. 

In a review of the economic situation of 
Mexico in the December 1941 monthly 
bulletin of the Banco Nacional de Mexico, 
it is pointed out that the country will end 
1941 with an unfavorable balance of trade 
for the first time in a great number of years. 
The decline in petroleum exports both in 


-volume and value in 1941 partially explains 
this reversal in trade trends. In 1937 © 


petroleum exports accounted for nearly 
20 per cent of the total value of Mexican 


exports. In 1940, it accounted for less than 


9 per cent. 


GENERAL - 


Mexico’s petroleum industry showed no 


indications of improvement in 1941 over 


1940. Production, exports, refinery runs, 


and average price received per barrel all 


continued to decline, and the refinery out- — 


put is not only declining in quantity 


_ 


recovered but also in quality. Authoritative — 
sources place the direct annual loss to — 
Mexico by Government operation of this — 


industry to be not less than 50,000,000 
pesos per annum. Mexico’s annual Federal 
budget (just published) for 1942 amounts 
to 550,000,000 pesos and presumably is 
fairly in line with expected income. Thus 


the petroleum industry, instead of furnish- — 


ing additional income, annually costs an 
amount equivalent to about 1o per cent 
of the Federal budget. 
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Russian Oil Industry in 1941 


By Basir B. Zavorco,* Mrmsper A.I.M.E. 


THE World War II spread to Russia on 
June 22, 1941, when the German Armies 
began their invasion. The Soviet industries, 
which were already engaged in a tremen- 
dous armament program, further acceler- 
ated the flow of munitions, and equipment 
and supplies for all purposes not directly 
military were either entirely eliminated or 
reduced to an absolute minimum. With 
the occupation by German armies of the 
Dniepr and Kharkov industrial regions, 
this trend was necessarily further ac- 
centuated. The oil industry of Russia, in 
consequence, was left to rely more and more 
upon itself, its own very limited manu- 
facturing facilities, extensive repair shops 
and probably much used equipment out 
of order stacked in the warehouses. All 
evidence available to date points to the 
fact that the new situation not only did 
not affect the production either quanti- 
tatively or qualitatively, but, on the con- 
trary, caused a larger flow of much needed 
fuels to the country’s war machine, pri- 
marily by renaissance of both management 


~ and labor. 


The oil industry of the Soviet Union, left 
to depend entirely upon itself for equip- 
ment and supplies, and even for new work- 
ers and technicians to replace those called 
into the services, did and is still doing a 
good and effective job. Since it could not 
hope for new equipment and parts and 
could not blame any other industry for 
the delays in delivery, it dragged out old 
machines from storage and repaired them 
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in its own machine shops. Often such 
stored and used equipment was but slightly 
defective, waiting for some small part from 
factories in Central Russia, plants that 
now were elther in German hands or 
entirely converted to the manufacture of 
munitions. More particularly, instead of 
the pipe that could not be taken to the 
Caucasus from Central Russia, casing 
reclaimed from abandoned or submarginal 
wells was used, or pipe from the abandoned 
or but slightly used pipe lines; and this 
practice is being continued even now on a 
large scale, to create an ample reserve 
for the duration of the conflict. Indirectly 
such a development was even an improve- 
ment on pre-war days, when many wells 
about to be completed had to wait for 
weeks, even months, for the arrival of new 
pipe, all blame then being placed outside 
of the industry on the factories in Central 
Russia. For the purpose of reclaiming 
equipment and pipe still usable, special 
crews were organized. 

The war also caused much quicker adap- 
tation of certain American practices and 
introduction of many emergency measures, 
such as: removal of derricks upon com- 
pletion of wells and the use of drilling 
equipment mounted on skids for rapid 
transfer from location to location—both of 
these practices, while standard in the 
U.S.A., being new in Russia; installation of 
simplified surface pumping units; substi- 
tution of wooden bearings in the surface 
pump equipment; completion of wells in 
the Ural-Volga district, where formations 
are hard and tight throughout the sedi- 
mentary column, without either casing or 
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cement, the wells pumping through tubing 
(a practice of doubtful value unless fluid 
levels are very low). Before the war, in 
many oil fields of the Caucasus gas lift or 
air lift was widely adopted as the easiest 
exploitation method, even where such 
mechanical lifting was entirely unsuited 
and uneconomical. With the coming of the 
war, such ineffective lifting was replaced 
by plunger lifts and deep pumps, with large 
saving of power and often increase in 
production. In the refining branch of the 
industry, production of aviation gasoline 
and high-test aviation lubricating oils was 
stepped up very considerably. In the refin- 
ing of kerosene a new process was developed 
for manufacture of soap from a naphtha, 
which has been named ‘‘soapnaphtha.” 

For replacement of technicians and work- 
ers called into the services, special training 
courses were organized, a very large per- 
centage of the number of students being 
women, often wives of the men called. 
Thus, in one group of such courses in 
Leninneft, Baku district, out of 800 stu- 
dents 700 were women. 

Under war censorship only a limited 
amount of information is available on the 
operation of the Russian oil fields, and the 
1941 figures in Table 1 are, therefore, 
author’s estimates. Production of crude 
oil in the U.S.S.R. during 1941 is placed 
at 242,250,000 bbl., as compared with 
222,600,000 bbl. produced in the preceding 
year, an increase of 8.83 per cent. The Baku 
district (Trans-Caucasus) remained the 
outstanding producing area, accounting for 
71.21 per cent of the country’s production; 
the North Caucasus Province, the second 
in importance, producing 11.76 per cent 
of the total; followed by the new Ural- 
Volga region, which accounted for 11.35 
per cent of the total U.S.S.R. production. 

Apparently there were no developments 
of major importance in the way of new 
discoveries in the Trans-Caucasus and the 
North Caucasus Provinces; in the Ural- 
Volga district, however, good exploration 
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results are indicated though no details are 
available. 


CONCLUSIONS 


The Russian oil industry, because of the 
tremendous war effort and the resulting 
enthusiasm of the workers within it, en- 
tered, from all evidence available, a period 
of renaissance that might well shake it out 
of the pre-war complacency, and which 
should continue into the post-war period. 

But an insignificant proportion of Rus- 
sian oil production, newly acquired through 
occupation of eastern Poland, has been lost 
to the country, all other major provinces 
being far away from the front lines as of 
April 1942. The principal oil fields of the 
Kuban area, producing 41,000 bbl. per day, 
or 6.91 per cent of the total Russian produc- 
tion, are some 200 miles east from the 
present Crimean front lines and about the 
same distance southeast from the front 
lines at Taganrog. The Grozny fields, pro- 
ducing about 37,000 bbl. per day, or 5.57 
per cent of total Russian production, are 
between 500 and 600 miles southeast from 
the Taganrog front lines, while the most 
important Baku district is 800 miles south- 
east from Taganrog. The principal fields 
of the Ural-Volga district, producing 
75,000 bbl. per day, or 11.35 per cent of 
Russian production, are 800 miles east 
from the Smolensk front lines opposite 
Moscow, the same distance separating the 
Emba district, producing 12,328 bbl. per 
day, or 1.86 per cent of the total produc- 
tion, from the southern front. The Turkes- 
tan producing base is from rooo to 2000 
miles from the principal battle lines, and 
though it is of no importance for the 
industrial regions of Central and Eastern 
European Russia, that base does supply 
very important agricultural districts (cot- 
ton, vegetable and fruit canning, rubber, 
etc.) and large Army training camps. 

Therefore, it does not appear probable 
that even if the German Armies should be 
more successful this year than they were 
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last year, any of the Russian oil fields, with 
the possible exception of the Kuban area, 
will be exposed to even air raids, At the 
same time the present front lines are so far 
away from the German fuel bases that the 
problem of transportation is a great handi- 
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cap to the German Army, while the Russian 
troops are serviced from oil fields and 
refineries strategically distributed, with the 
northern front being supplied largely from 
the United States through Archangelsk and 
Murmansk. 


Chapter V. Refining 


Review of Refinery Engineering for 1941 
By Water Mirter,* Memper A.I.M.E. 


ALTHOUGH confident of its ability to 
meet any demands that may be made, 
the petroleum-refining industry is not 
complacent about the situation and realizes 
that the quantities of petroleum products 
to be furnished are so enormous and so 
far beyond what was previously estimated 
that the full cooperative effort of the 
industry must be exerted. 

Establishment by the President in May 
of the Office of Petroleum Coordinator for 
Defense with Secretary of the Interior 
Ickes at its head, plus the formation of the 
Petroleum Industry Council for Defense, 
in November, provide the channels for 
united endeavor within the industry and 
the means for gearing that endeavor in 
full harmony with the nation’s needs. 
Great strides have been made and a rapid 
understanding of the situation and the 
magnitude of the task is being attained by 
all concerned. 

Refining, by constant study and develop- 
ment, by willingness to experiment and 
install new processes, and to replace older 
plants with more efficient equipment, had 
kept on a high plane of efficiency and 
progress. Working under the free com- 
petitive system, it built up its establish- 
ments until, as expressed in last year’s 
report, it was easily able to supply any 
domestic demand that might be placed on 
it. Turning the United States into the 
arsenal not only of itself but of the united 
nations resisting aggression, however, in- 


Reprinted from Mining and Metallurgy (February 
and March 1942), as amended April 20, 1942. 
* Chairman, Committee on Refinery Engineering, 
Petroleum Division, A.I.M.E.; Vice-President, Con- 
tinental Oil Co., Ponca City, Oklahoma. 
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creased the call for practically all petroleum 
products and in particular 1oo-octane 
aviation gasoline and high-viscosity avia- 
tion lubricating oils. 


REFINING CAPACITY 


With over four million barrels a day of 
crude oil being charged to stills at the 
year’s end, oil refining had broken all 
records and faced the necessity of further 
increasing its size to supply the ever- 
increasing demand for products, some of 
which, like roo-octane aviation gasoline, 
were research laboratory curiosities a few 
years ago. Although the refining capacity 
of the United States is listed at 4,860,000 
bbl., about 800,000 bbl. of this is eco- 
nomically unavailable because of plant 
location or type. To meet the increasing 
needs, additional capacity of another half 
million barrels may have to be built in 
suitable locations and designed with an 
eye toward maximum production of avia- 
tion gasoline but with inherent flexibility 
to make it possible to vary and interchange 
with production of motor gasoline, furnace 
oils, and other products as necessity dic- 
tates. An interesting side light on this 
refining capacity question was an enquiry 
from official Washington for knowledge as 
to any idle refineries of something of the 
order of 10,000-bbl. daily crude capacity 
that might be purchased for bodily removal 
to Russia. 


r00-OcTANE AVIATION GASOLINE 


Largest of the tasks confronting refiners 
at the year’s end was that of raising 
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roo-octane aviation gasoline production 
to the estimated needs of the constantly 
growing numbers of combatant planes for 
1942 and beyond. With a growth in three 
years from practically nothing to the 
present daily output of over 50,000 bbl. of 
roo-octane gasoline (and a wholesale price 
change from around a dollar a gallon to 
one fifth or one sixth as much), refiners had 
projected and construction was approved 
on a high-priority basis for more than 
thirty additional plants for producing its 
components and the 1oo-octane-grade fuel. 

Refinery engineers and equipment com- 
panies had many other plants well along 
on the drafting boards, construction 
of which will be carried forward in 1942. 
Ultimately, enough additional plants should 
be built to raise the daily capacity to over 
150,000 bbl. of too-octane fuel per day at 
an installation cost of $150,000,000 to 
$200,000,000, in addition to investment in 
existing operating plants. 

This grade of gasoline is composed of 
four basic ingredients: (1) base stock, a 
light gasoline fraction of suitable boiling 
range derived either from specially selected 
crude oil by straight distillation or from 
catalytic cracking operations or isomeriza- 
tion of pentane and hexane; (2) synthetic 
high-octane blending agent, principally 
iso-octane, made either by one of the 
available alkylation processes or by hydro- 
genating the product of selective polymeri- 
zation of isobutene from cracking-still 
gas; (3) isopentane, with its 90 or so octane 
value unleaded; and (4) up to 4 c.c. per 
gallon of tetraethyl lead to reach the 
1oo-octane specification requirement. 

In the field of high-octane blending 
agents, the formation of iso-octane by the 
catalytic combining of butene and _iso- 
butane, using sulphuric acid as the catalyst, 
has pretty well supplanted the first 
method used, that of selective polymeriza- 
tion of butene to iso-octane, followed by 
hydrogenation of the codimer so pro- 
duced. Lower investment and operating 
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costs, and larger production because of 
the wider range of cracking-still-gas con- 
stituents suitable for alkylating accom- 
plished this change. The operating cost 
will be further reduced as a result of 
negotiations between O.P.C. and the group 
of companies owning the patents and con- 
trolling the sulphuric acid alkylation 
process, which culminated in a royalty 
reduction of 12¢ per barrel of alkylate 
made to 30¢ a barrel for civilian operation, 
a reduction of 21¢ on war production to 
July 1, 1943, and a further 6¢ lowering at 
that time to 15¢ on war production. A new 
step, use of hydrofluoric acid as catalyst, is 
under development, and two units employ- 
ing this variation are projected for erection 
during 1942. 

The obvious advantage which high- 
octane ‘‘base”’ stocks give in higher pro- 
duction of roo-octane gasoline per barrel 
of alkylate or equivalent spurred the search 
for wider sources of such material. Light 
gasoline fractions from selected naturally 
high-octane crude sources and limitation 
of such materials to aviation purposes, use 
of substantial fractions of catalytically 
cracked gasolines and the catalytic iso- 
merization of the normal pentane-hexane 
fraction by the newly announced “Isomate 
Process”’ of the Standard Oil Co. of Indi- 
ana, make possible a downward revision 
of the earlier estimates of total alkylate 
needed to reach the 150,000-bbl.-per-day 
goal for too-octane fuel. Completion of new 
catalytic cracking units in 1942, of both 
Houdry and “fluid catalytic” types, will 
contribute still further to the supply of 
high-octane base stocks. These develop- 
ments mean that something of the order 
of 60,000 bbl. per day of alkylate and 
equivalent will suffice for the 150,000-bbl. 
program instead of the daily 80,000 bbl. 
visualized earlier. 


BUTANE SUPPLY 


Members of the butane family are com- 
ing into great demand as the alkylation 
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projects mature into operations. Some 
50,000 bbl. a day will be needed in the 
form of butene and isobutane as raw mate- 
rial for the additional alkylate which will 
be made. Part of this will be supplied by 
increased production but the full quantity 
can hardly be secured in that way. and 
stealing from motor gasoline and from 
“bottled gas” and liquefied petroleum gas 
fractions will undoubtedly have to be 
resorted to but probably not until 1943. 
Any shortage of butene for alkylation 
purposes that may develop will probably 
be overcome by catalytic dehydrogenation 
of normal butane. The latter, available in 
much larger quantity than either the iso or 
cracked type, can also be catalytically 
isomerized to isobutane to the extent 
necessary. 

Maximum possible cooperative effort is 
being given by oil-company executives and 
technologists and by the various govern- 
mental agencies concerned, all working 
with and through the Office of Petroleum 
Coordinator, to this task of increasing 
1oo-octane aviation fuel production. 


Moror GASOLINE 


Early in 1941, before the aviation 
gasoline problem assumed its present 
importance, refiners gave renewed atten- 
tion to increasing antiknock rating of motor 
gasoline, and for a time the octane race 
was resumed. Road tests under the auspices 
of committees of the American Society for 
Testing Materials, American Petroleum 
Institute, and the Society of Automotive 
Engineers indicated that higher octanes 
were desirable even for older automobiles 
with initially low octane requirements, 
because of the gradually greater knocking 
tendency of engines with long service. To 
help meet the higher standards several 
naphtha-reforming installations were made 
and a considerable number of additional 
catalytic polymerization units built, with 
ethyl lead also contributing importantly 
to the higher standards. 
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This trend to higher octanes was 
drastically halted and reversed by the 
reduction in ethyl lead supplies announced 
by the Ethyl Gasoline Corporation in 
November, and to meet that situation the 
octane numbers of housebrand motor 
gasolines were reduced by from 2 to 4 
numbers by a majority of refiners in most 
parts of the country. Present indications 
are therefore that the octane numbers of 
motor gasolines are to be on a definitely 
lower level for the duration of the war. 
Installation of additional catalytic crack- 
ing plants of the Houdry and the fluid 
catalyst processes cannot be depended on 
to change the picture materially. Their 
production is needed to offset the octane 
value lost to motor gasoline by diversion to 
roo-octane aviation fuel manufacture of 
high-octane gasoline fractions and other 
base stocks. 

New refineries were added to the extent 
of about 54,000 bbl. total daily crude 
capacity, the largest being Continental Oil 
Company’s Lake Charles, La., 10,000-bbl. 
plant, next in size being the 8,000-bbl. plant 
of the Douglas Oil Refining Co. in Los 
Angeles. The latter is noteworthy because 
of the break into the refining industry of an 
important aircraft group. 

The Lake Charles plant received con- 
siderable attention when completed be- 
cause of the inclusion of many of the most 
recently developed refining processes into 
one integrated unit, into which crude is 
charged and a number of finished products 
are withdrawn without a break in the 
operation. The plant includes casinghead 
gasoline stabilization for butane and iso- 
butane recovery, crude-oil distillation, 
thermal cracking, naphtha re-forming by 
the reversion process, thermal polymeriza- 
tion, alkylation, and continuous gasoline 
sweetening. 


LUBRICATING OIL 


More evident as the year closed was the 
large part lubricants will play in industrial 
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production and war activities of the United 
States and its allies. 

Installation during 1942 of a Duo-Sol 
process solvent-treating plant for the man- 
ufacture of aviation lubricating oils by the 
Standard Oil Co. of California, and another 
one of the same type and for the same 
purpose by the Sun Oil Co., plus a new 
solvent-treating installation announced by 
the Sinclair Refining Co., and two com- 
paratively small additions to existing 
equipment will guarantee a definite, sub- 
stantial increase in manufacturing capacity. 
Other possible installations are known to 
be under active consideration with good 
prospects of consummation, regarding 
which announcements may be expected 
during 1942. 

Additional capacity will be needed, but 
it does not appear that apprehension need 
be felt regarding ability to supply the grade 
and quantity of lubricants required for 
aviation purposes, this despite the increas- 
ing number of aircraft units coming into 
active service as a result of the enormous 
war production plans. 

Few now question that solvent-treated 
oils used in internal-combustion engines re- 
quire corrosion-inhibiting addition agents, 
or that oiliness and detergent additives are 
needed for meeting the load-carrying 
demands of today’s automotive gasoline 
and Diesel engines. Development work was 
active, following a prediction made several 
years ago that lubricating oil would some 
day consist of a mineral-oil base diluting 
and carrying small quantities of chemical 
compounds specifically designed to meet 
the several requirements for satisfactory 
service. Highly refined oil is subject to 
rapid oxidation in high-temperature serv- 
ice, and to formation of organic acids and 
other deleterious substances. Oxidation 
inhibitors must therefore be added and 
also compounds to keep any sludge formed 
suspended in the oil to prevent formation of 
engine deposits. 

Several new types of such addition 
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agents were introduced commercially dur- 
ing 1941, one of the most successful and 
widely distributed being a compound 
having in particular high anti-oxidizing 
characteristics in connection with other 
valuable properties, and consisting of a 
sulphurized olefin synthetically produced 
employing paraffin wax as a starting 
material. 

Activity in this field is most intense, with 
evidence of a growth of cooperative 
scientific and research effort. The further 
progress and improvement which will 
certainly result will be effective in better 
and more efficient lubrication of internal- 
combustion engines. 


Wax, AND SYNTHETIC RUBBER 


No new engineering developments have 
been made in wax production that are 
worth noting, but the demand and price 
steadily increased during the year, output 
also climbing to a high figure. Although no 
substantial new installations or enlarge- 
ments of existing facilities have been 
announced during the year, a number of 
projects are being actively considered for 
increasing capacity to supply the greater 
requirements brought about by the quick- 
ening tempo of war production. 

Research and development work in the 
field of synthetic rubber was carried on 
unremittingly by. several organizations 
without any publicity. 

Several enlargements in plant capacity 
were announced during the year, and new 
capacity under construction on the day 
Japan opened war on the United States 
amounted to about 40,000 tons yearly, in 
which figure is included the new Neoprene 
plant nearing completion at Louisville, 
being erected by the du Pont interests and 
the Air Reduction Co. of America. This 
plant is rated at 10,000 tons per year and 
the erection cost is given as $15,000,000. 

The attack on the Netherlands East 
Indies changed the situation and outlook 
materially, in spite. of the fact that a sub- 
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stantial stockpile had been accumulated 
which will take care of the most important 
uses for a year or two. 

Shortly after the turn of the new year 
of 1942, complete control of the manu- 
facture and sale of new tires was taken 
over by the Government to conserve 
available supplies to important uses. A 
program of increasing synthetic rubber 
manufacture to 700,000 tons a year was 
instituted with immediate and rapid co- 
operation being extended by the larger 
units of the petroleum and tire indus- 
tries looking toward reaching that goal. 
A large proportion of the new capacity 
was definitely projected and _negotia- 
tions and studies were under way cover- 
ing most of the balance by Feb. 1, with 
all industry and government factors 
working together for a quick solution 
of this important problem. Butadiene, 
with a co-polymer, probably styrene, 
both to be largely produced from petro- 
leum sources, will perforce be the major 
raw material reliance. 


TOLUENE k 


Estimates of requirements of toluene 
for the making of T.N.T. have been in- 
creased so frequently that the present 
figures are greatly different from those of a 
year ago, the quantities now being set for 
1943 and 1944 at an ultimate annual rate 
of four to five times the 60,000,000 gal. 
talked of in 1940. A comparison in the use 
of high explosives is afforded by these 
figures when it is remembered that on the 
order of 10,000,000 to 12,000,000 gal. was 
all that was being produced at the peak of 
the World War No. tr. 

Of vital interest to the war effort was 
the completion and putting into full and 
successful operation in September of the 
synthetic toluene plant announced by 
the Humble Oil and Refining Co. during 
1940. The output of the plant is well 
above the designed capacity of 27,000,000 
gal. per year. Shell Oil Co. has two plants 
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operating and one under construction for 
extraction of toluene naturally present in 
small but recoverable concentrations in 
certain crude oils. The total capacity of 


the three plants will be 8,000,000 gal. A 


contract has been let for the installation 
of a plant by another company with a 
probable output of 7,000,000 gal. per 
annum. 

An interesting development announced 
during the year was from the manu- 
factured-gas industry and concerned the 
installation of a battery of Knowles 
process coking ovens for the destructive 
distillation of heavy petroleum residues 
and the manufacture therefrom, in addi- 
tion to the main objective of city gas, of 
electrode carbon and various by-product 
chemicals, including both benzol and toluol. 
For this plant, the estimated annual pro- 
duction figures list 3,350,000 gal. of benzol 
and 540,000 gal. of toluol. 

The present rate of toluol production 
by the petroleum industry is estimated 
at 35,000,000 to 40,000,000 gal., and prob- 
ably will surpass a rate of 60,000,000 gal. 
annually by the end of 1942 or at least 
twice the present-day production of ap- 
proximately 30,000,000 gal. by the coal-tar 
industry. 


CHEMICALS MANUFACTURE 


No one can predict the extent to which 
the already great chemical industry arising 
out of oil refining will be expanded by war- 
time developments and needs, but a 
tremendous growth will unquestionably 
take place, in fact is assured. Even now the 
total of products .generally known as 
chemicals emanating from petroleum raw 
materials is more than twice the quantity 
made by the coal-tar industry. This com- 
parison will grow greater as the new plans 
for production of alkylate for aviation 
gasoline, of synthetic rubber. of the making 
of toluene for T.N.T. come into operation. 

Research was continued with greater 
activity and on a broader scale. The 
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industry acquired greater knowledge and 
skill in manipulating petroleum as a 
chemical raw material. Laboratory experi- 
ence of today forms the foundation of 
development toward large-scale production 
of tomorrow. New products are in the mak- 
ing but progress of that type was not given 
publicity and will become known as plants 
are built and materials made available. 
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No serious limit exists to the scale of 
operations of chemical manufacturing 
based on petroleum-source materials. Wit- 
ness toluol: 30,000,000 to 35,000,000 gal. a 
year is the most the coal-tar industry 
could produce, but from the petroleum 
industry can come a hundred million 
gallons, two hundred million, and _ still 
more if needed. 
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Bulgaria: petroleum and substitutes: consumption in 
1940 and 1941, 249 
BurcuarD, F. L. anp MacNaucuton, L. W.: Oil 
and Gas Development and Production in 
North Texas for the Year 1941, 454 
Burma: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
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California: oil fields: voluntary curtailment, 259 
production of oil and gas in 1941, 259 
California Institute of Technology: study of effec- 
tiveness of gravel screens, 89 
Canada: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
in 1941, 539 
Carson, D. B. ANd Katz, D. L.: Natural Gas 
: Hydrates, 150 
CarTER, D. V. aND WILLIAMS, D. C., JR.: Develop- 
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Case, W. B.: Trends in Demand of Petroleum Products. 
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Cement: oil-well. See Oil-well Cements. 

Cenozoic sediments: prospecting for oil and gas in 
South Texas, 492 

Ceylon: petroleum and substitutes: consumption in 
1940 and 1941, 248 

CuHapman, T. S., Foster, J. L. anp Gray, G. R.: 
Control of Filtration Characteristics of 
Salt-water Muds, 117 

Chart to provide approximate correction for tem- 
perature and deviation from Boyle’s law. 
See Brokaw, A. D. 

Chile: petroleum and substitutes: consumption in 
1940 and 1941, 248 

China: petroleum and substitutes: consumption in 
1940 and 1941, 248 

CouEE, G. V. AND BELL, ALFRED H.: Oil and Gas 
Development in Illinois in 1941, 271 

CoLe, T. AND SCHNEIDER, W. T.: Developments in 
West Texas during 1941, 509 

Colombia: petroleum and substitutes: consumption in 
1940 and 1941, 248 

production of oil and gas in 1940 and 1941, 
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Competition: validity in a natural resource industry. 
See Gill, J. D. 

Condensate (see also Gas-condensate and Gas- 
distillate) : 


characteristics, 225 
definition, 221 
value in comparison with gasoline, 225 
Conservation: oil: production under effective water 
drive. See de Golyer, E, 
petroleum and gas: voluntary curtailment of 
production: California, 259 
Core analysis: oil sands: aid to increasing recovery 
of oil, 68 
correlation with depth-pressure measure- 
ments to determine permeability, 63 
Costa Rica: petroleum and substitutes: consumption 
in 1940 and 1041, 248 
CottincuHaM, K.: Oil and Gas Development in Ohio 
in 1041, 374 
Cromer, S. AND NerGcHsors, G. R.: Some Factors 
Controlling the Pumping Time of Oil-well 
Cements, T.P. 13099, Petr. Tech. Nov. 1941 
CROWELL, A. M. AND SANDERS, J. W.: Oil and Gas 
Development in South Arkansas in 1941, 
252 
Crude oil: flow through pipes: basic formula, 231 
Pennsylvania Grade: lubricating fraction, 404 
saturated with natural gas: density: computation 
at elevated temperatures and pressures 
within accuracy of usual engineering 
computations, 159 
density: variation of liquid densities of 
methane and ethane, 159, 163 
properties of fifteen liquids, 161 
shrinkage: computation on basis of gas-oil ratio, 
gas analysis and gravity, 159, 162, 165 
Cuba: petroleum and substitutes: consumption in 
1940 and 1941, 248 
Cyprus: petroleum and substitutes: consumption in 
1940 and 1941, 240 
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Czechoslovakia: petroleum and substitutes: con- 


sumption in 1940 and 1941, 248 
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E.: Production under Effective Water 
Drive as a Standard for Conservation Prac- 
tice, T.P. 1340, Petr. Tech. May 1941 
Denmark: petroleum and substitutes: consumption 

in 1940 and 1941, 248 
Density. See Crude Oil. 
DISERENS, P.: Discussion on Engineering Economics 
of Long Petroleum Pipe Lines, 243 
Distillate (see also Gas-distillate) : 
definition, 221 c 
Dominican Republic: petroleum and substitutes: 
consumption in 1940 and 1941, 249 
Drilling mud: bentonitic suspensions: chemical treat- 
ment and relationship to heaving-shale 
problem. See Power, H. H. 
comparison of Marsh-funnel and Stormer vis- 
cosities. See Owen, J. E. 
electrical resistivity: effect of additions of 
chemicals, 204 
effect of cement and counteracting reagents, 
204 
effect of temperature, 204 
effect of weighting materials, 204 
factors influencing: brief bibliography, 220 
filtration characteristics: gelatinized starch 
addition: effect, 120, 123 
filtration characteristics: gum tragacanth addi- 
tion: effect, 118, 121 
filtration characteristics: Irish Moss addition: 
effect, 120 
salt-water: filtration characteristics: control, 117 
Duck, J. T.: Introduction (to Symposium on Produc- 
tion), 250 
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Ecuador: petroleum and substitutes: consumption in 
1940 and 1941, 249 
production of oil and gas in 1940 and 1941, 247 
Education: petroleum: scope and content of petroleum 
engineering curriculum. See Uren, L. C. 
Egypt: petroleum and substitutes: consumption in 
1940 and 1941, 248 f 
production of oil and gas in 1940 and 1941, 247 
Erterts, K.: Discussion on Sampling Gas-condensate 
Wells, 26 
Electrical resistivity: prospecting for and exploring 
sand and gravel deposits, 61 
use in determining characteristics of oil and gas 
reservoirs, 54 
Electric logging: oil wells: electrical resistivity of 
drilling mud must be known, 204 
El Salvador: petroleum and substitutes: consump- 
tion in 1940 and 1941, 249 
Esarey, R. E. AND RENO, R. G.: Oil and Gas Activity 
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Estonia: petroleum and substitutes: consumption in 
1940 and 1041, 249 
production of oil and gas in 1940 and 1941, 247 
Ethane: density, 163 


INDEX 
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FANCHER, G.: Discussion on Dimension-model 
Studies of Oil-field Behavior, 192 
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in 1940 and 1941, 249 
Finland: petroleum and substitutes: consumption in 
1940 and 1941, 248 
Fraitz, J. M.: Discussion on Sampling Gas-con- 
densate Wells, 26 
Fraitz, J. M. ano Parks, A. S.: Sampling Gas- 
condensate Wells, 13 
Flow: crude oil through pipes: basic formula, 231 
gasoline in pipes: basic principles, 241 
gas through porous media: unsteady: equations: 
solution based on assumption of infinite 
series of steady states, 166 
oil and gas: horizontal steady flow in porous 
media. See O’Brien, M. P. 
oil-gas-water systems: steady state: calculation 
of productivity factor, 194 
petroleum in pipes: cost: Lehn formula, 243 
Fluid displacement: oil sands. See Oil Sands. 
Foster, J. L., Gray, G. R., AnD CHAPMAN, T. S.: 
Control of Filtration Characteristics of Salt- 
water Muds, 117 
France: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
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; sumption in 1940 and 1941, 248 
French West Africa: petroleum and substitutes: con- 
sumption in 1940 and 1941, 248 
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World Consumption of Petroleum and its 
Substitutes in 1941, 246 
Gas: and fuel oil: consumption: world in 1940 and 
I94I, 248 
Gas-condensate wells (see also Gas-distillate) : 
fluid produced: chemical composition and phase 
characteristics, 13 
sampling: comparison of well effluents, 17, 24 
continuous representative sample of well 
stream, I3 
methods: sampling tube, 17, 25 
portable testing apparatus to examine phase 
characteristics, 20 
tube introduced into well tubing, 13 ~ 
Gas-distillate field: cost of exploitation, 224, 229 
estimate of distillate in place, 221, 230 
estimate of distillate that can be brought to 
surface, 222, 230 
market available for product, 226 
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Gas-distillate field: plant: operating cost, 224, 220 
size and investment, 223 
products, 221, 226 
recovery of condensate at surface, 222, 230 
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flow in pipes: basic principles, 241 
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value in comparison with condensate, 225 
refinery: value in comparison with condensate, 
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; culation of productivity factors for oil- 
gas-water systems in the steady state, 194 


H 


Haiti: petroleum and substitutes: consumption in 
1940 and 1941, 249 

Hargouty, J. J. AND Hatpouty, M. T.: Oil and Gas 
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1940 and 1941, 248 
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HETHERINGTON, C. R.: Unsileady Flow 
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Iceland: petroleum and substitutes: consumption in 
1940 and 1941, 249 
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production of oil and gas in 1941, 271 
Imuoiz, H. W.: Oil and Gas Production in North 
Central Texas in 1941, 463 
Indiana: production of oil and gas in 1941, 300 
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in 1940 and 1941, 249 
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1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
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1940 and 1041, 248 
production of oil and gas in 1940 and 1941, 247 
Irish Free State: petroleum and substitutes: con- 
sumption in 1940 and 1941, 248 
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Japan: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
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1940 and 1941, 249 

Lithuania: petroleum and substitutes: consumption in 
1940 and 1941, 249 

Loomis, A. G.: Discussion on Electrical Resistivity 
Log as an Aid in Determining Some 
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Louisiana: production of oil and gas in 1941, 325 

Lubricants: consumption: world in r94o and 1941, 248 

Lubricating oil: developments in 1941, 554 

percentage in Pennsylvania Grade crude, 404 
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through Porous Media, 166 
Madagascar: petroleum and substitutes: consumption 
in 1940 and 1941, 240 
Malta: petroleum and substitutes: consumption in 
1940 and 1941, 249 
Martinique: petroleum and substitutes: consumption 
in 1940 and 1941, 249 
McCue, H. W. anp RoGatz, H.: Oil and Gas Devel- 
opment in the Texas Panhandle in 1941, 466 
McCutcuin, J. A.: Discussion on Possibilities of 
Secondary Recovery for the Oklahoma City 
Wilcox Sand, 52 
Methane: density, 163 
Mexico: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas: in 1940 and 1941, 247 
in 1941, 544 
Michigan: oil and gas: production zones in 1941, 350 
petroleum prices in 1941, 354 
production of oil and gas in 1941, 348 
MILLER, W.: Review of Refinery Engineering for 1941, 
551 
Mineral rights assessments. See Howard, P. J. 
Mississippi: production of oil and gas in 1941, 355 
Missouri: production of oil and gas in 1941, 358 
Models: dimensionally scaled: for study of desirabil- 
ity of methods of well completion and 
effects of various factors on recovery of oil 
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Productivity Factors for Oil-gas-water 
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Natural gas (see also Gas-condensate wells) : 
density: analysis, 141 
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Natural gas: density: compressibility factors, 143 
computation methods, 140 
data on sixteen saturated hydrocarbon 
vapors, 140 
properties of saturated gases, 142 
relation to gas gravity, 144 
flow through porous media: unsteady: equations: 
solution based on assumption of infinite 
series of steady states, 166 
hydrates: definition, 150 
equilibrium constants to predict formation, 
154 
measurement of temperatures and pressures 
for formation, 151 
phase compositions, 152 
processing for removal of hydrogen sulphide: 
Arkansas, 252 
production: Canada, 1940 and 1941, 540 
Illinois in 1941, 296 
New York in 1941, 373 
Ohio in 1941, 376 
Nebraska: production of oil and gas in 1941, 350 
NercHsBors, G. R. AND CROMER, S.: Some Factors 
Controlling the Pumping Time of Oil-well 
Cements, T.P. 1390, Petr. Tech. Nov. 1941 
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consumption in 1940 and 1941, 248 
Netherlands Indies: production of oil and gas in 1940 
and I9Q4I, 247 
Netherlands: petroleum and substitutes: consumption 
in 1940 and 1941, 248 
Netherlands West Indies: petroleum and substitutes: 
consumption in 1940 and 1941, 248 
Newfoundland: petroleum and substitutes: consump- 
tion in 1940 and 1941, 249 
New Mexico: production of oil and gas in 1941, 364 
Newton, W. M. AND SHERBORNE, J. E.: Factors 
Influencing Electrical Resistivity of Drilling 
Fluids, 204 
New York: petroleum prices in 1941, 371 
production of oil and gas in 1041, 371 
New Zealand: petroleum and substitutes: consump- 
tion in 1940 and 1041, 248 
Nicaragua: petroleum and substitutes: consumption 
in 1940 and 1941, 249 
Nigeria: petroleum and substitutes: consumption 
in 1940 and 1941, 249 
Norway: petroleum and substitutes: consumption 
in 1940 and 1941, 248 
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O'Brien, M. P. AnD Putnam, J. A.: Some Problems 
of Horizontal Steady Flow in Porous 
Media, T.P. 1340, Petr. Tech. July 1941 
Ohio: petroleum prices in 1941, 376 
production of oil and gas in 1941, 374 
Oil and gas reservoirs: calculation of productivity 
factor, 126 
characteristics: determining by use of electrical 
resistivity log, 54 
measurable characteristics 
index. See Lewis, J. A. 
Oil sands: fluid displacement: conditions affecting 
relative magnitudes of initial and subordi- 
nate phases of displacement, 112 
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Oil sands: fluid displacement: effect of viscosity of 
oil, 112 
mechanism, 107 
role of dissolved gas, 107 
heterogeneous: capillary effects, 114 
oil drainage: laboratory study, 37 
Oklahoma City Wilcox sand. See Oklahoma. 
permeability: mean effective: determination: 
core analysis, 63 
determination: field depth-pressure 
measurements, 63 
productivity factor: calculation, 126 
secondary recovery. See Oklahoma. 
Oil-water contact angles on quartz plates and tips, 49 
Oil-well cements: controlling pumping time. See 
Cromer, S. 
Oil wells (see also Gas-condensate Wells and Gravel 
Screens): 
deep: Ohio in 1941, 377 
Oklahoma: production of oil and gas in 1941, 379 
Oklahoma City Wilcox sand: history of zone, 28 
initial oil contents of reservoir: estimate, 33 
oil recoveries, 42 
reservoir conditions, 36 
Secondary Recovery Association: summary of 
1940 report, 28 
secondary recovery: legislative problems, 49, 53 
secondary recovery: methods investigated, 43 
secondary recovery: possibilities, 28, 51 
Owen, J. E.: A Comparison of Marsh-funnel and 
Stormer Viscosities of Drilling Muds, T.P. 
1373, Petr. Tech. Sept. 1941 
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Palestine: petroleum and substitutes: consumption in 
1940 and 1941, 248 
Paloma field, Kern County, California: development, 
82 
geology, 76 
plan for unit operation: fundamentals, 85 
Paloma Operators Agreement, 83, 87 
reasons for nonacceptance, 86, 88 
variables to be considered, 84 
versus competition, 84 
Panama: petroleum and substitutes: consumption in 
1940 and 1041, 248 
Panama Canal Zone: petroleum and substitutes: 
consumption in 1940 and 1941, 248 
Parks, A. S.: Discussion on Sampling Gas-condensate 
Wells, 27 
Parks, A. S. anp Frarrz, J. M.: Sampling Gas- 
condensate Wells, 13 
Pennsylvania Grade. See Crude Oil. 
Pennsylvania: production of oil and gas in 1041, 
404, 407 
petroleum prices in 1941, 405 
Peru: petroleum and substitutes: consumption in 
1940 and 1941, 248 
production of oil and gas in 1940 and 1941, 247 
Petroleum: consumption: world in 1940 and 1941, 246 
geological exploration based on knowledge of 
sedimentation, 492 
prices: East Texas in 1941, 433 
Illinois in 1941, 206 
Michigan in 1941, 354 
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Petroleum: prices: New York in 1941, 371 
Ohio in 1941, 376 
Pennsylvania in 1941, 405 
West Virginia in 1941, 522, 530 
substitutes: consumption: world in 1940 and 
IQ4I, 246 
production: world in 1940 and 1941, 246 
Petroleum economics: engineering economics of long 
petroleum pipe lines, 231 
some factors in the economics of recycling, 221 
world consumption of petroleum and its substi- 
tutes in 1941, 246 
Petroleum engineering research. See Research. 
Petroleum laws: Illinois: drilling regulation, 299 
Petroleum products: demand: trends. See Case, W. B. 
Petroleum refining: capacity U.S.A., 551 
review for 1941, 551 
Philippine Islands: petroleum and _ substitutes: 
consumption in 1940 and 1941, 248 
Pipe lines: costs: comparative: 8-in. vs. 6-in. pipe, 234, 
243 
effect of increasing line size, 238 
Lehn formula for determining, 243 
transporting crude oil, 238 
East Texas in 1941, 433 
gasoline: directional flow, United States in 1941, 
231 
long: delivery capacity, 233 
handling different products in one line, 240 
high load factor important, 243 
Illinois: construction in 1941, 292 
petroleum: directional flow, United States in 
IQ4I, 231 
long: application of basic flow Senalse 232 
delivery capacity, 233 
engineering economics, 231 
refined products: functions of lines, 239 
West Virginia in 1941, 530 
Poland: petroleum and substitutes: consumption in 
1940 and 1041, 248 
production of oil and gas in 1940 and 1941, 247 
Portugal: petroleum and substitutes: consumption in 
1940 and 1041, 248 
Portuguese East Africa: petroleum and substitutes: 
consumption in 1940 and 1941, 249 ‘ 
Power, H. H. anp HoussiEre, C. R. Jr.: Chemical 
Treatment of Bentonitic Suspensions and 
the Relationship to the Heaving-shale 
Problem, T.P. 1401, Petr. Tech. Nov. 1941 
Production engineering, petroleum: core analysis—an _ 
aid to increasing recovery of oil, 68 
electrical resistivity log as aid in determina 
some reservoir characteristics, 54 
field application of core analysis and depth 
pressure methods to determination of 
mean effective sand permeability, 63 ; 
geology and development of Paloma field, 76 
inherent influence of gas-oil ratios and water 
saturation on productivity of oil wells § 
See Higgins, R. V. 
plan for operation of Paloma field, 83 
practices related to well productivity. See 
Travers. 
sampling gas-condensate wells, 13 
secondary-recovery possibilities for Oblshows 
City Wilcox sand, 28 
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Production of oil and gas: Albania, in ro4o and 1041, 
247 
Argentina, in 1940 and r94t, 247, 532 
Arkansas, South, in ro4r, 252 
Austria, in 1940 and 1941, 247 
Bahrein Island, in 1940 and 1941, 247 
Brazil in 1941, 538 
British India, in 1940 and 1941, 247 
Brunei and Sarawak, in 1940 and 1041, 247 
Burma, in 1940 and 1041, 247 
California, in 1941, 2590 
Canada, in 1940 and 1941, 247, 539 
Colombia, in 1940 and ro41, 247 
Ecuador, in 1940 and 1941, 247 
effect of gravel screens, 89 
Egypt, in 1940 and 1941, 247 
Estonia, in 1940 and 1941, 247 
France, in 1940 and 1941, 247 
Germany, in 1940 and 1941, 247 
Hungary, in 1940 and roqt, 247 
Illinois, in 1941, 271 
Indiana, in 1941, 300 
Iran, in 1940 and 1941, 247 
Iraq, in 1940 and 1941, 247 
Japan, in 1940 and 1941, 247 
Kansas, in 1941, 308 
Kentucky, in 1941, 322 
_ Louisiana, in 1941, 325 
Mexico, in 1940 and 1941, 247, 544 
Michigan, in 1941, 348 
Mississippi, in 1941, 355 
Missouri, in 1941, 358 
Nebraska, in 1941, 359 
Netherlands Indies, in 1940 and 1941, 247 
New Mexico, in 1941, 364 
New York, ro4I, 371 
Ohio, in 1941, 374 
Oklahoma, in 1941, 379 
Oklahoma City Wilcox sand, 42 
Pennsylvania in 1941, 404, 407 
Peru, in 1940 and 1941, 247 
Poland, in 1940 and 1941, 247 
Rocky Mountain District in 1941, 412 
Rumania, in 1940 and 1941, 247 
Russia, in 1940 and 1941, 247, 547 
Sarawak and Brunei, in 1940 and 1941, 247 
Saudi Arabia, in 1940 and 1941, 247 
Tennessee in 1941, 421 
Texas: East and East Central, in 1941, 424 
Gulf Coast during 1941, 435 
North Central, in 1941, 463 
North, in 1941, 454 
' Panhandle in 1941, 466 
South Central, for 1941, 469 
South, in 1941, 475 
West, during 1941, 509 
Trinidad, in 1940 and 1041, 247 
United Kingdom, in 1940 and 1041, 247 
United States, in 1940 and 1941, 247 
Venezuela, in 1940 and 1941, 247 
West Virginia during 1941, 521 
World, from 1932 to 1941, 246 
Productivity factor: oil-gas-water systems in steady 
state: calculation, 194. 
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Productivity factor: theoretical: calculation from 
knowledge of reservoir conditions, 126 

Productivity index: and measurable reservoir char- 
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